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Shortly  after  ili.U  lime  Dr.  Howard  left  the  Ohio  State  group,  but  D*-.  Burch 
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I .  INTRODUCTION 


A  detailed  knrwled^  i  ''.e  1nrra**en  tranemi  nn^ -in  of  r.ienet^  -v  -  t-vne- 

pheT^e  Ik  rr'  limv'T^KnnK  orar'*  phyel"??  iP,  PC^PePtlCP  Vlth  jtuiles  CT 

Xeat  balarees  and  with  the  pospihie  develojew-nt  of  inl'rared  probing  and 
gnallng  oyEtecb.  During  the  past  three-quarcera  of  a  century  numroua 
dies  of  Infrared  transsilsslon  of  the  earth's  ataosphere  have  been  Bade. 
Sjlecuiar  absorption  in  the  ataosphere  Jh  caused  chiefly  by  water  vapor, 
carbon  oicxiae,  and  ozone,  but  '-oc  prercnce  or  eaaii  quancltlas  of  nltrouB 
oxide,  carbon  nonoxlde,  and  aethane  also  results  In  significant  absorp¬ 
tion;  aolecular  oxygen  also  har  absorption  bands  in  the  very  near  infrared 
Infrared  redictlrr.  —icr,"cr  ct‘.c— tier,  by  particle:  :f  fog,  haze,  ond 
SDOke  in  the  etsosphere.  this  tyre  of  atrenuabicr. .  as  well  as  ur.c-ctr.roilab 


Tih  v«  <  f*  e  i  r\  rtr' 


quantitative  lata  on  true  aolecular  absorption  la  field  studies.  Dance, 
laboratory  studies  nf  Ss\’^t>ie-!n  etsiosjihere., '•  SKsm  dest  rstle  eyen  Ip 
telluric  ataospherlo  work,  and  provide  s  powerful  method  of  lavestlgatlng 
ahaorptlon  In  the  atmoephere.s  oi  o:ner  planets. 

The  absorption  of  arar  Infrared  radiation  by  ataosplerl:  gaaes  result 
chiefly  from  tran.-.ittons  between  the  rotation-vibration  energy  levels  of 
aole'uies:  absorption  in  t;.#  far  Infrar-l  !s  rrouuced  by  transitions  b«. 
tween  rotatlona.’,  levari.  The  oluerved  tmrjmlisicn  by  clean  saaplss  Or 
ataoapherle  gase,’  Is  therefore  a  function  cf  frequea.y  v.  If  repre¬ 

sents  the  intensity  of  a  beaa  ol  incidtnt  radiation  sa  aeasured  by  a  *ooc- 
ohpcs«tor  set  for  frequency  v  In  the  rlelnlty  of  an  absorption  band,  1; 

Is  found  that  the  Intensity  I'v.'  of  the  radiation  after  passage  throuih 
a  saaple  eonslitrag  of  a  mixture  uf  gases  Is  less  -nau  TO*  ratio 

?(v)  •  l(a)/Io(v)  If  called  the  msasured  trautnlssios  of  the  gaa  sample 
at  fiequancy  v  and  is  exp'-wsjed  either  as  s  fracion  or  a  perreatage. 

Ibe  maaaured  fractional  absorption  at  frequtney  vis  glaan  by  A(v)  >  1  - 
T(»);  A(»)  may  also  b*  stated  as  a  par  entage.  It  is  fO'uiJ  that  the 
Bsaeured  absorptlrs  A(v)  depe"d«  on  sunh  facto'.e  as  the  total  number  of 
absorbing  aoltculas  pat  crcss-sectlonsl  area  of  the  beam,  dsbotad  by  w 
and  called  the  absorber  concentration  or  optical  density;  the  partial 
piessure  ^  uf  the  absorb : lui  gs^>  bhe  total  pressure  T,  which  inr  1  udss 
tile  pr.f'  tal  prsssurs  ''f  abeorbing  and  nonabsorblng  gases;  the  abeolui» 
temperature  T  of  the  sample ;  and  'Uis  effective  sLltvldth  of  the  mono- 
ebromator. 

In  19sS  DbapMn  and  ii.rvard'  of  this  dopartaent  began  a  laborato.-y 
study  of  the  absorption  of  wetcr  vapor  and  carbon  dioxide  saapis*  cou- 
tatolng  various  aaount.'.  of  normbsorblrt  iiases.  pss  samples  were  en¬ 

closed  In  a  Bultlpli-traverva.  ceil  glvlag  a  msxlmuB  path  length  of 
several  meter*;  the  temperature  of  tht  co.ud  be  elsva*«d  by 

slectricq'  heating  cf  the  tn'lre  cell.  In  iyi?  Howarl,  Burch,  and 
Villlahs''  (hsrtafttr  referred  to  ss  KBN),  also  of  this  laboratory,  ex- 
teohad  the  earllar  scudiss  uf  water  vapor  aa<i  carbon  dl  de  to  Xoogrr 
nsth  Isnath:  by  ub*  u*r  of  a  It-ar.n  aui.  i  pie- .  uayr,  sal  atourptlw;  cell, 
in  which  absoiptloc  paths  as  sreat  at  1-bC  — cbvrs  rculd  be  obta!''t.'..  The 
work  reported  by  BW  was  dene  with  javes  f.  .-oom  teap-iature. 


in  tfiijee  earH^i  .-*.u(il«s  It  vafi  verlfl^*i  ti'At  although  the  awaauiC^ 
A»  V  )  :‘or  a  ^:i '»?n  •Aaple  fiad  given  i‘±\.h  length  are  Bf^ngly  d-- 

-1  ftxitwiuLU.  wht*  inw:grr.i 


v)dv 


Tot’al  Absorption 


(1) 


lb  1  lull- |/e ii-l*-  il  bliuixlut-u  provided  tne  ilnits  eiid  y-^  ere  caoe»a  to 
In.iudv  an  eiiHre  absorption  band;  tbe  validity  of  U>t8  stataoent  li  dli- 
roisb-l  In  <c»e  detail  by  mv.  The  Integral  (I)  i«.  railed  the  total 
8''ir*rptlcn  01  lae  acBontlon  band  iellned  by  tbt  llnltr  v  v-  and  l« 

cb^ifjubcd  111  lieiiuoncy  uiat»,  oli.;.-  author*  bave  referied  to  the  Intaoral 
as  toe  egmyaient  hand  vldtn  vof  the  absorption,  slnre  the  soae  lnte»rel 
can  be  conaldeird  as  apply  n;*  to  an  equivalent  lanf’  having  coaplot*  ab¬ 
sorption  Ovar  S  ^  requen^-y  Interval 

r*? 

->  •  /  A(y)d»  . 

The  vor»  o:  Cr.spoan  ind  dowai-s  and  of  H3W  vas  dirootel  tc»»jd  the 
I'll  nolt^tlon  r  the  total  «t*  ri  ;;,;nr  of  tail  ^  Infrarsd  hands  of  eater 
raptr  and  larboi  ii„<dde  mlMvi  vllu  altitinen  as  ruhctinhs  of  absorber 
ronre ilratlch  v,  partial  pi  -sfure  ^  of  the  absorbltd  fas,  total  prettura 
f,  and  absolute  teapereior*  T.  The  funtiioBal  relationships  betvaen  total 
ibsorptloti  and  the  paraaater*  listed  were  jlven  by  tablet,  by  suitable 
fiaphs,  and  by  estplrt.-eV  equations  applloabit  to  certain  raetrtcted  mn«ss 
■jt  tola!  absorption  for  each  band. 

The  prvseot  research  ping.-oa  includs*  1.’  )  further  studies  of  shsor>- 
llcn  by  waver  vapcr  and  rarboii  dlculde  vl’h  a,j  sstsaslon  to  spactral  rs- 
aJouv  »nd  to  ranges  of  w,  f,  etu  T  n-'i  -oiarsd  la  earlier  studies, 

•nd  (11  '  siudl*.  "f  the  Infr'ared  absorption  produced  by  the  alnor  stsos- 
,rerlc  c..n*tlt  uents  „t,.iou*  --ulde.  carbon  rmovlae,  and  ■■Uwsne.  The 
pu'pre-  of  the  l.uref tl j^tl,  n  If  to  esubllu:.  tb-*  fun-c *  1  ooa  1  relaticnshlp 


I  ‘A',ybl»  -  tfiw.  p  r.  r) 


{') 


Tor  varlcus  rwjlnns  of  eljsra'-terlsltc  abscrptlon.  Tbe  fujictlonel  rsla- 
tlor.  will,  t*  IR  the  earner  report.-,  o«  jclven  by  tables,  crapha,  and 
erplrirs’  rqjatlcns.  It  1.  O'-yc'.  tha>  the  resuite  of  the  Investl wtlot. 
xrll’  pn'*  usefu.  In  'he  f  Uowtn*  tesrs; 


(s)  pvedlctlc.-ji 
tnowii  ahs.T'.' 


if  *•  '-pilun  for  xnoet.  paths  thootidh 

-■  .-a  .■v.rtui'es; 


I 


I'bj  iebtrBl  wtioo  of  «;aodph»rl'r  co»po«lblin  bj 
Be««um*nb«  -if  nr^uuBlirloa  of  lafr»r*'l 
■“.  *  -i.-r;  »'~-r  -frovr  laoiStba  In  the 
ataoapoe.'* ;  nnd 

(:)  t«st  of  the  ortcoa  tbcorlea  tb»^  ban  oMC 
prapoe*il  to  acccont  for  abaorptloa  phanoia*. 

Tbc  r«iu_u  catalaa<t  Is  ‘ta  preaast  reaaa.-;a  progru  vl.i.  aa  ^rcn 
io  tbraa  rtporu  aa  followa: 


ftZrCnT  I  v^rasast,:  bbcsrptisn  07  sitrroj  “Ti'le 

tha  ragioa  cf  Ita  rir.lhfieatal  1, o*"^)  band  and  iU 
fine  oaartooa  { ->2bC  oa*-}  band,  abaotptloa  of  Mtham 
at  ta“'-,  -55'  *■**.  and  i;o6  e«“-. 

RSPOn  II:  Abaorptfon  by  rarb  ja  lloxlla  baeda  at 
«""C  :i''.  at  !€09  t*"'-  at  '.’’.t  ts*',  at  *«■  '■. 
at  ;>-i  ;«■*.  and  la  th«  r%r^  9’'  .  i'O 

^UUl  R2WIIT:  ibaorptloa  by  aatar  aaper  la  the  r»- 
aloa  of  Ita  nbraUoa-rotaUoa  baada  at  15?5  ba'- 
aad  aaatr  >rx  oa'*,  and  in  tba  ragloa  of  tta  pura 
rotatloeal  band  la  Um  raadpt  a9c  .  lOOC  oa*%  abaorp- 
f.cs  '<y  altroua  s*ld»  b*ada  at  '-99  o»'  ,  aa". 

■_;?5  t.*"-!  i*<jl  »*'.  aaf  JssJ  -tr^;  a  i*-ijly  of  taa 
rrUUw  #ff»tta  of  rartoua  ftralpi  IM**  oa  tba 
tota.  atstrptoos  :f  aa-a.-al  ii«f.a.»4 

A  portion  of  tba  lata  oB  taa  VC,  fC.  aad  -Oj  baaia  wr»  papoTta-l 
prarlCiJly  It  a  Pi.!).  Utaa-ratloo  by  <xm  cf  ’oa-.  Sotnaar,  adoitlnaal 
lata  idilot  art  laoljdal  la  bap-orta  I  a-s  li  »ar»  sot  Icrlodad  lo  tba  pr»- 
'<;o'ta  •-.lb.  At  a  rtt^t  .f  that*  addltl  :aa;  data  toaa  of  thr  taplrlcal 
rtlavloaj  wr,'.-t  vrrt  'f—.Ttf  'a»»  t— to  a  ■*-lfl»d  •‘.‘.gtif./. 


1 
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1 1  THECHr 


r^f  sbircrpti-:;  -rc  bar.ci  cr.  i.i  cAj^i«:n^j.oiI  Ini^  ui  abBoi^tion 
which  WHS  propcis'd  by  laob^n  iwirly  tvj  hunared  ;/e»r8  (igo  on  th»  tasla 
of  itudie»  of  ibaorpUcc  of  light  by  liquids,  and  was  lat<*r  eLabormted 
by  Beer.  According  to  the  liinbert  law,  the  fractional  sbaorptlon  A'(v) 
for  Boruichrocatlc  ladlJtioii  of  frequency  v  1m  given  by  the  expreaaJon 


A '  ( V ) 


-k(  v  )v 


(:) 


-he;'.'  ^  . .„r  1 jc ; :  i  -  If  r.t.  I'lr  lue  ab- 

aorblng  eaterlal  aid  v  |«  the  absorber  conctn'.tatlon.  Beer's  elaboration 
of  the  law  was  conoerrud  wl-h  •  «j  r'.jre  of  eboirblr.®  =.  criil*.  Accjnilng 
to  Beer’s  law 


k  'v;  Cj^e^  +  Cpep  ♦  C^e,  -  (4) 

where  C|,  Cp.  C,  ....  are  the  concentrations  of  the  warlo'is  co«poa»ata 
and  Vj,  «j,  Vj  ....  u-i.'  cu»>a.'- “ustlc  co-ia t.i"ts  called  “e^tlnc  't  coef¬ 
ficients"  for  the  various  t<wpo.ie.its .  Ner's  law  is  on  th.-  nsuap- 

tlor  that  each  sbsorblng  aolecule  absurbu  radiation  Indei^ndearty  ...f 
►  very  other  »>ilecule. 

Vsnoi".  «a-ly  evll»t.:e*  :f  the  failure  uf  Baer's  law  for  iafrarad 
abs  o>'v‘..iuii  uf  are  dtaciuniai  g.,  gjn/.  xhe  failure  of  Basi  a  law 

can  he  trace  i  lo  two  sources. 

f  1  }  In  the  first  pUc«.  sr»c'.:cg!Tlhr  have  finite  slttvtdths 
snd  ‘herefore  id  rc:t  ■ed-ure«en'.  wf  A'(»;  is  Isqaissible,  aluce 
trj'y  ikjnoehroaat  u'  radiation  Is  cot  being  ■sasurtd.  In  the 
-a.-’  of  broad.  re’-M  -'.y  a* .-ucture 'ess  bands  obssreed  for 
liquids,  the  ■eavired  absorotlC'  Af  »)  approaches  A'(v);  It 
was  this  cl'.Mie  u or:cipcitl.*r.' '  of  Aiv)  snd  A'te)  that  led  ..utbert 
and  h?  r  to  ths  formulation  of  their  lavs,  tbs  Infrarsd  spec- 
Irvra  of  a  gas  cor,slst«  of  hands  r.»T»«»d  ne  in.i<Tdd'jal  lines 
vln  rssultlng  rapid  '"•latltns  of  A  (v)  wlUi  r.  With  TTm 
vHOui  that  are  usuall/  nerrov  as  compared  with  the  speetrsl 
'c'» — .'V  pajse-  t/  a  m'T.’cbroaat-  i  or  spectrograph  set  to 
pats  ladlutlrn  of  frequency  v,  the  msasursd  A(v)  Is  not  usually 
a  close  apprcalBttor.  of  A'(v\  Ttruc,  It  Is  not  surprising 
that  'here  If  apparent  rhlluii  of  the  slapLe  absorption  .'nwa 
(31  and  !»)  If  In  a  ta.it  mc.'i..;.-^!  i' sorption  A(v)  It  used  to 
j  A'{v)  In  ;  Htv  slapls  la>s  fall  for  d 

‘wre  rc.ilA:at.itjt'  leaser  w  r  when  more  tophi  ■•jra '.el  compari¬ 
sons  or  •.hern  end  espcrlrect  aim  aale. 


r 


(ll)  A»  Indlceted  above,  Beer's  lav  Im  baaed  on  the  ast<iBp- 
tlou  tha‘>.  tbo  abscrjtlon  of  co -.h  aoleoule  Is  independti.-iv 
■ji  every  otner  fr-iecuie.  ’11118  iseuaptioa  is  jot  joati- 
fled  for  the  case  In  which  the  absorbing  nole’itle  experi¬ 
ence*  cclllsions  with  other  •'--lecules,  eince  aoleculir 
colllalona  re?"lt  In  apnreclable  bror-deniug  of  the  epectral 
llnee . 

Even  In  tne  case  of  ooclnteractlog  Bolevulet,  spectral  lines  have 
fi.'lte  natural  widths  related  to  the  uncertainty  principle  which  pre- 
d'.'jte  an  uncertainty  CS  in  an  encrsy  level  related  to  the  llfetlM  'it  cf 
the  nolec'jle  jji  the  level  tv  the  relation  iiE’^ti;h;  Jluot  -1'-  1.  iualtea 
for  all  exclt.?d  leveie,  all  epectral  llnee  Involving  transitions  between 
ground  states  and  excited  etates  would  be  erpected  to  have  ar  uncertainty 
In  fre  uency  dai  •  Ah/h-ctl/llt.  Natural  broadening  is  Independent  of 
affect,  external  to  tne  solecule.  Uaually  natural  broadening  Is  negli¬ 
gible  ks  coaparad  with  line  brcadenlng  due  to  the  Doppler  effect,  vhlcn 
la  re  a  ted  to  the  tcaperature  of  the  gar  taaple  and  produces  noticeable 
effe.'  a  •hen  absorption  of  gases  at  very  low  pressures  Is  aeaakkred, 

Dopplst  or  sdenlng  is  Independert  of  pretskire.  Ilhs  contributions  of 
natkirsl  vidtn:  and  Ihoppier  hrsidealn#;  to  ■J'a  ‘-t’a!  Yldths  of  spectral 
'lives  are  usually  ntgllglbls  as  ■-■aapa.red  with  contributions  producsd  by 
:ht  lar;s  slactrlc  fields  that  act  during  aoracclar  collisions.  Qis  frs- 
v  'jsricy  of  ■clec'ular  coUlslcss  is  related  to  prsisurs  and  henca  ths  tiotai 
.-1  •  wlk -hs  ai-a  related  to  pressure  except  at  extreasly  Xov  pressurs.  . 

B~  '  .ulc4  of  -Ines  bayond  the  widUis  aitrllatatls  to  uatuial  widths  and 
thv  ♦ffk*?*  1*  visjaiiy  referred  tc  ar  "prsaeure  broadening",  a 

tera  which  'ncXiidei  effect*  attributable  to  colXlil-Jn  laaping,  t«  pressure 
thlfU,  and  to  Stark  ef ?«■’*•  produced  1/  "clcsi.  appr.’ukches"  betwaaa 
eolecuias.  'Die  preaen  v?rl  deal*  prJaarlly  w;t&  studies  of  colllsloo 
broadaning,  eihce  the  rtn**  of  pressure*  doc*  not  extSKl  to  the  caor»o' 
pressures  required  to  pruk.-i.>  -syisMUy  whlfu.  Start  shift:,  and  en¬ 
forced  dipole  effects.  Collisi-iU  'urosdec"i4  Is  0*10*1.,/  encuuntsred  whan 
the  tine:  between  :ollis:.n:  arc  large  c„rps.-<n  with  tne  tiasi  spent  In 
cohllsiv.  ,  the  other  effecia  are  an.ounterad  whea  tlJ»  spent  In  colHsloc* 
1*  Isr.ts  and  Involvta  radiation  abeorbsd  during  collision*. 

A.  I  ukENTZIAN  LINXS 


dltnough  tne  esperiasntai  raeulis  obtalr,*'!  la  th*  prsssut  in'ccstlga- 
t,  j  ars  i'Jt  depFsndsci  upon  as*ndq>*iuas  a*  In  th*  actual.  sl.hp**  of  apectral 
1*.:**,  It  is  convenient  fc'  purpvaae  of  vierueeloa  to  ueuat  a  line  abspe 
'.ret  proposed  by  horentt  and  louhd  u>  Klva  a  aatlefactorv  approxjjMtlkin 
actual  line  *ika.?es  over  tbe  fn'"'/  vide  range  '. f  praesuree  In  which 
oUlrV’.'o  dagplng*  or  d’. Vclon  br>rdee!ng*  le  enccivnured.  "he  expree- 
voD  lor  tbe  acsoryktoi.  '.,..1  pr. 


Xi’., 


)2  .  (72 


o; 


where  the  line  atreagth  S  -J[  ^it'v;iv  ana  i  is  u.e  ra.iVldtfc  of  tac  IM-* 
a-  i.u  if  v*-.l^c  'f  ^  V  / .  'ir.e  r'_rer-;r*.h  .'f  " 

j-lon-trc-adencd  line  .'n  i  jo:'.3*An:  :cr  a  ■  •»•  irlai^.i 

to  probabl  lltlsi  ,r  trar\«itlon«  oetvcen  tae  initial  and  final  energy 
Ivvcla  vf  luc  ifirleoule  and  -co  the  relative  populatlona  of  theae 

levels.  Ttie  half-width  a  is  related  to  the  pi^esure,  the  absolu’**  teatpeim 
tare,  and  the  tveee  of  aolecules  in  the  .:a»  eejsple. 

Ladenherf;  and  Rei'‘he^  have  shovr.  tiiat  with  tnc  value  of  s(v;  in 
buostVuted  in  (^1  the  Integral 


-  l{i  ■ 

c»n  Ns  In  '•?=?  f  ,  j  un.l  u  provlael  lae  ji"  lr.ieerr~ 

lion  Ino’.udn  the  entire  atccrjtlon  a.ec.-U'el  wlu;  a  gl'^an  Un*.  tfeci, 
on  the  ai«n«ptlon  that  vlUi  «nr>priat«  :i«..  .1  -'T  integration 
Jk'fvHv  •  /A(vUv,  It  It  p.i.'thie  I'  oVtair.  t  ♦li^n^a I  of 

LadvnU:rg  and  Rwl'ihe’r  tae.eivllcsl  :<ialte.  T  ,  1;  res  ilts  Indlcat#  that 

jAi  V  }  *y  •  * ) 

where  s  •  Sw'la.  and 


1  \  Ji )  - 

:t) 

‘  f  V  '  '  ‘  '-•»  *  , • 

.  .  .  _  •*  ;. 

•  •  -  -  .  r  . « 

respertirely. 

Althou^  Cq.  (0  is  a 

rather  lavciwid 

expreexlon. 

‘si  pi-:!  ‘'/r 

v»  '  ••••  •%. 

f.h0 

tal  •tsorp'tlop  of  sina;e 

.inee  inlcr  -rr 

tain  Ualtln# 

roclltloM: 

( 

}  a(  >  >dv  •  Sw 

for  eaiiU  « 

(veah  Uoe» 

\ 

i 

(3) 

4Ai 

jAi»)d»  :>airs 

for  '..rge  x 

\~tT~jnt  Mn»a; 

(Q) 

•  rvjwrl. 

'an  be  sailsfec'orily  ra- 


■^•sured. 
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kB  iBdicatad  Mrllar,  th«  Iln*  rtrCDgth  S  o[  m  cclll(lon-broa-l?Md 
Um  ti  a  conutai.t  at  a  rlirac  te«ii«ratur».  Ttw  aoaorwr  concrntiKt  .a 
a-,  a  sivca  MBTcraturt  la  oiractiy  proportloaai  to  toa  product  Um 
partial  praaaura  ^  aod  tha  »baorv*-l-r.  path  ieatrch;  Tha  ralatlon 

batvaaa  tba  t«lf-vldtb  and  tfca  preaajre,  taaparatura,  and  eoavoaltlon  of 
tha  aanpla  la  aoaaahat  nora  larolvad. 

Tba  nalf-vldth  a  of  a  colUaloa-broadaiMd  apa^traf  Him  t« 
tlaonl  U>  tM  coUlaloa  frequascy  T.  from  klaatle  Utaory  It  can  ba  above 
that  tba  hnlt-vldth  la  flvan  by  tha  relation 


i  I  11. 


(lo; 


tAara  la  tbia  niabar  of  nolaciLlaa  of  tha  1-th  type  par  oalt  eoliaaa, 
t  la  tba  aia  of  Um  optical  culUalon  dlaaatere  of  tha  ahaorblaf 
■olteula  and  a  nclaeala  of  tha  1-th  type,  k  la  Boltanati'a  aoaatant,  T 
la  tha  ahacluta  taa^mt-art,  la  tha  anaa  nf  tha  ahaorbla«  nolhaala, 
nan  %  la  the  anaa  of  a  aoiacttla  or  tha  1-th  type. 

Bm  anp«aiiata.a  OA  1*  o«  ^AVAnaie  7  oan  .tea it/. ly  W  ilaMmlvd  fva'  a 
glaan  ad>t«ue  tf  anaaa  *a  tha  mtloa  of  tM  partial  ymaaiuraa  of 

♦ha  enayeiaBta  »iv  'ha  a«nt  for  al'  iMlata  of  the  itilnl  pretaura.  Ite- 
oalil^  that  Um  partial  pfeaaara  pi  of  ana  of  tha  1-th  typa  la  ptwi 
hp  pj  e  BjkT  and  aaaoalac  that  colUfloa  dlaaaian  aie  indaiModant  of 
ta^paMtaua,  oaa  eaa  readily  ahue  that  for  a  gleth  adatara  af  ipaaa  tha 
half-eldth  of  a  colilaleu-kroadaaad  ehaerptlea  Uae  aaa  ha  vrtthaa 


a  -  ii_(r/r-)VT.,/t  (u) 


vhare  oti  1*  taa  kalf-vtdth  of  Um  Jam  enter  iVaadard  oaulltloae  F,^  aad 
T,;  at  a  (teea  tai^ratare,  tha  talf-eldth  o  eoald  ha  eapaetad  to  ie 

llrrrt.y  proprr.lcanl  to  tic  totae  ;reis-era  F. 

Eobetltottoa  cf  Um  oeloa  cf  i  pirea  by  *11}  la  ralatloaa  (S]  aad 
(9)  laada  to  tha  fcll..irlB4  predlctlooa  for  a  aleaa  at  at  ere  of  dMee  at 
a  iliMB  ta^aratere; 

I 

|*(r)d»— de-dpi 

r  _ 

|*(,>4,a_  VlTV  -VeJVI 


fnr  MAU  X 

'  m*M  Uce) 

(»•) 

{att\M4  Uat) 

(»■) 
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■-"•js.’.ij:-.'-.  sr.i  -.jj!!.'.?  icrs  r.~r  t-hc  sj'?-!"’ 

'?f  »  s&Mple  cunslPlinK  of  »  absorbing  vf rJi  no  adulxture 

wbb^r  I  tiuv-c  foi'  Ma-oja*  .:a:.r  c  »  “*  T.ba  ^..■la'^ora  ^■ 

;  ¥i>ai  line ) 


(ciron;-  Unr  ; 


JaS  )-iv  bv  ■  Sl’i!  Oil...  X 

f«\  V. '.a.  — 'v-at  lo*  /^r  j-arge  » 


-ata 

or 


(8-) 


Iba  e-rpresilons  of  toba'.  abj irj il . ..  In  (b’)  ai.^l  I}')  bFy*. 

U  -  IV.}  liji' ten  aibuatlon  In  which  a  rl'im  alr.ur*  of  aaea  la  atud.inl 
•  : .'nil *•  ^  T -h  it 

^,w'‘  •-.jwpar**  fot*!  lor.  cf  Btxture*  of  dlffeftat  pjxpcr- 

tlorj  of  ab ; -■  rb  1  •'.?  *.■■_•'.  .-.  ,n-ab«  irb<  nn  ^.-n:  Th*  *;year»nce  of  D,  ^  arl 
!«,  In  (lo)  laJlcarea  that  aiffereni  gaaea  <i»r«  tiiffarenl  "broaiaala*"' 
tffecta  on  inaobm  Mnng.  Slace  aasb  cf  the  gaa  auiFlea  eaplO]l«il  la 
tl.s  eitpenBtntal  work  roo»t»te<l  of  binary  al*tur»»  of  ebaorbtn*  gae** 
an'  nitrogen,  ,1c.'.  w««  uasd  at  a  nuoabaorblag  *bn.wdaala(  0ta',  It  la 
dealrablt  tO  coualder  ;  .oj  for  '.he  fpeclal  eaaa  of  a  blaanr  alaturw  of 
a.n  abeurOlBK  eaa  a  a.nd  a  broaoenlac  yaa  b.  suoao  iO'  'n  (1?)  w.ll 

la  thla  :aat  have  two  ;«rae:  a  a«  If-broadtalag  ter*  In  vblea  lea,  aaA 
a  aecoad  tar*  for  the  effecta  of  bmalaalng  by  the  Inert  ^a  I  »  b. 
bquauoA  ,lv','  \a*iaaa  'iw  ftra 
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.'cbitltutloB  for  Iq  ar4  1.*  terae  of  tbe  rhr*-'*'*  7‘'-  "  '  "■*  i%  a. 
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vb«re  0  u  Ic  culled  tne  aej^i -CioalenlOK  cocrriclent  of  clt«  ftb* 

tomns  KHa  und  rep;,  -cr.t.3  l.h«  ratlr  t^ie  "self-fcroa lei.li.,;  of 

the  abaorbiiM;  has  to  ti.e  "broadenli.f  riblllty"  of  Lite  noraba(.;D<*>i;  te. 
MatUoJa  iiT  ilr  i.ruTTi  n<  tij'  'i  wurtmiM  «h«r>rHif>j»  VilJl 

h»  ^e  terrs  In  in  (13)  i^*  ceiled  diic 

ler.t  precaure  I',,  of  the  gas  cssple. 


-  I'  +  {B  -  l)p  (lu) 


where  P  le  the  ne&sureJ  Lct.t'1  preoeure  of  the  aeaple  and  p  Is  Um  partial 
pressure  cf  the  absorbing  Ihe  predictions  eabodled  In  (6*)  and 

l9')  Bhoula  oe  rulfixied  o/  ti  laixture  of  eases  provided  P  Is  replaced 
bv  aarirorrlatr*  ".iiii  vn t^nt  ^  crssrhsl  that  ttc 

theory  presented  thus  fir  iclght  fcc  expected  to  apply  to  Uhcs  »h*«ss  widUi 


Is  dcteraiced  ydsar*’:.'  hy  c: 
extreaely  low  pre>.oure.s,  lor 


dll^ias  hrc‘;lc&lng;  It  Is  not  applicable  t:- 
which  nati.ral  widths  and  Doppler  broadening 


are  of  prime ry  Inportance,  nor  to  extremely  high  pressures,  at  whlen 


absorption  during  colUaions  or  "close  approaches”  leads  U>  Clara  effects 


and  asynsetncsl  pressure  shifts. 


B.  ABS0KPT70K  BANI8 


Tn  nrd.»r  *•'  extend  tne  theory  to  Include  Uital  absorption  of  sntlrs 
bards  It  Is  nece  tsar/  to  consider  tne  spaclngs  and  Intensities  jC  the 
individual  liner,  tf  there  Is  cvrrlatp;r.g  cf  the  spsctml  UnaS  so  i'»l 
more  than  one  lliv:  uunrrllmres  to  tbs  absorption  at  frequency  r#  A'(*} 
is  s«lll  given  I'r  r^i-  .  1/  l.f  the  vsl'je  of  k(v)  used  is  tbs  sum  of  the 
xvv)  lor  euR'i  cf  Vh-.'  i.lr.e8.  hqjaVlon  (b)  also  yields  tbs 

total  abscrptlor:  of  an  entire  t*nJ  If  the  proper  value  of  !s(vj  is  used. 
For  the  slDpI-*  csiie  of  ni  overlapping  of  the  lines,  the  total  absolution 
of  a  bead  cu:'.  be  tn.at.:  i  ..c  t.  •'  ejs  .~  f  .hv  total  abaoiptloua  of  eavu  wf 
the  lines. 


In  order  tc  Bike  theorem  calculations  of  the  dependence  of  total 
abso.ptlon  of  an  entire  bar.-i  on  pressure  and  absorber  concentzmtioo,  it 
Is  usually  necessaxv  to  imke  sooie  assusptiuns  about  the  apaetue"  and 
Inta.HltleB  i»f  Mm  I  mil  vi  d.inl  Twr.  different  idealised  band  models 

have  received  general  cecoghltljn; 


(a>  A  baud  ionsistlng  of  an  infinite  array  of  eq'ielly 
Intercie,  e.iually  npacvd  lines  he«  been  treated  by 
blunose.'f'; 


(b)  A  dtsordepf.l  bond,  ufuully  referred  to  as  the 

»^«V  r%  —  a  MM«Aa(.«aa* 

i.-nBiHe3  can  i>c  represented  by  a  probability 
.11.;*  rlh  Jtlor.,  In.  1*  er.  wcrxaJ  cjI  IndeiiC.idctslljr 
by  and  by 


y.-’-r"  h",:  rcc'rtly  'i--.  -'c.-j-ll  vl-cjc  -.v-o  aodfis  ?.«  <^^'■1  ac 

^  *•  Vs  <  1  '  ' 

[  :)  T.ic  -iuw-ui  Zl;?ajue:  iodei  vnic-''  \c  coapcsed 
C.1'  ce»-ei*a.:  p-i-uL;:  .ir.^5  eacn  of  vnio.'i  In- 

dlviiu*illy  f-ji-nii,  -i;:  Klbfioijvr  band;  tuL  where 
xhese  groups';  r.r«  '^up^rpos^d  to  glv'i  a  nearly 
.  Voa  spacing. 

Ths  report  by  Flass  also  Includes  curves  which  relate  absorption  to 
ehr.c:rcr  concentration  .^nd  pressure  for  the  different  band  Eodels. 

'1  ''ourcCt  no  i*cn "i/fii;*!  on  v  — r*^ Viv  thecij 

in  vhe  :’-.v  rernr;  t-hai;  at 

st  dRi^rocnce  cl'  ‘..‘•e  totnl  abnorption  on  u  end  Pg  for  COj; 

.jandb  can  be  explained  by  the  Elianser  model*.  It  van  also  demonstrated 
that  the  aonorptlon  by  HoO  he.ndB  la  elmllar  to  that  of  a  otatlntical  band 
model.  It  In  one  nv-prlainp,  that  absorption  by  CO^  Is  best  fcxptalned 
by  an  Sloas.ser  band,  since  the  chanpos  Ir.  toe  Intensities,  half-widths, 
and  spacings  of  the  lines  are  gTadoal  over  the  bends.  The  Interslties 
and  spacing  of  the  H2O  lines  vary  almost  at  random  over  i-he  band,  and  the 
obnn-.p  tlT.  is  tliClcfOie  biuilar  i.n  ihuf  nf  the  statistical  Ctd'l. 

Exact  theoretloal  expressions  for  tovytl  absorption  of  even  the 
ideallievl  uiiiid  miidcis  are  compie;:.  however,  Plass'-'  has  dlccussed  three 
(111'reren*.  t.ppr*''.-laatiosE  for  cnoh  of  t!te  thrxie  ntivl  nilelB  listed  above. 
Each  nppro;Umation  permits  the  absorption  to  be  expressed  In  terms  of 
elementary  ruuetions  and  is  valid  over  a  cuusiderable  range  of  prspsure 
and  absorber  concentratior.  These  throe  approxlBations  are;  (i)  strong- 
Hae  approximation;  (il)  veah-.Une  appix)xlmitlon;  and  (ill)  non-overlapp- 
loK  approximation.  Methods  i)  and  U1 )  af*  valid  let^rdless  of  vhs'ther 
or  not  the  spectral  linos  nve.-iap,  and  nethed  (ill)  1*  valid  -vhether  or 
not  the  absorption  lines  ar*  weak  or  etrene, 

(I  )  t*r~ta-lihc  !ippcoximotisn  is  -si.ia  vnen  there  is 
virtually  cc.tplcta  “b.i.orptlon  near  the  cer.ters  of  the  strong¬ 
est  lines,  and  an  Increase  in  eitner  w  or  Pg  results  in  In¬ 
creased  nbscrptlon  in  the  vlngc  of  the  lines  only.  The  re- 
ri'clrcmcnt  I'.sr  the  vnxluitj  <^1  .ne  Hue  approximation 

if-  giver.  Ir  Eq.  (9)  and  c-'-'^apondn  to  large  values  of  w  and 
small  values  of  Pj .  Tor  tne  case  of  no  overlanplng  of  the 
Tines  the  total  atsorptlcu  of  a  band  can  be  treated  as  the 
SUB  o:  the  total  absorptions  of  all  of  the  linos,  and  for 
strong  lines  -the  lotal  absorption  of  the  band  ia  seep  .fiom 
(9),  (ij),  and  (14)  to  be  pr.-'portlonai  to  (wPgy-^''^. 

'Ihe  range  of  va’.uea  of  w  and  Pg  over  which  ■this  relationship 
is  valid  is  referred  to  as  the  square- root  region.  Vhen 
tlic.r  1.  jvcjIh)  ping  01  one  lines  tne  total  abbuoptlon  no 
longer  fo-Llows  a  simp’s  square-root  dependence;  however,  the 


*Th'!  de.finltion  of  Pc  in  th.‘;--  report  differs  frea 
the  equivalent  press  ore  employed  b..  EIT..’. 


10 


4.1  «*  rurtc  4»aOii  Ca  mmC  prow.uc^ 

uitt  of  the  etrons  Hae  approxlBat.lcr» 


ehsoTpt^C!* 
The  dl»;tingui»'a'a 


i»  th«  totcl  rtrorpMcn  cuu  be  i..<pressed  *4  4  fvn  :tlon 


nabie  wfj.  The  distinction  betveen  the 
BQuare-root  dependence  encountered  for  strong  •  jn^over- 
lapplcg  lines  and  the  Bore  general  strong-line  approzlaa- 
tlon  vlth  reference  to  entire  liar.i?c  is  eophaslzed;  the 
square-root  dependence  can  be  considered  as  a  special  case 
of  the  strong-line  acproxlaation,  and  I*  »"!14  only  vhen 
the  spectral  lines  do  not  orerlap  appreciably. 

(ll)  The  weak- line  approilBatlon  Is  valid  when  the  ab«n»->- 


tlon  Is  SBSll  nt  all  frequencies  in  ihe  band.  Including 
ujose  near  the  centers  or  tee  strongest  absorption  Usai. 
a-,  requlreaeut  for  the  validity  of  the  veas  Uite  apprczlsa- 
tlon  vlth  reference  to  an  entire  band  Is  slsdlar  to  the  re- 
qulreaent  for  the  vesJE-lins  epproiisation  for  »  r.ngls  line 
given  In  Eq.  (8).  Oils  requlreasnt  Is  satisfied  In  the  case 
of  saall  values  of  v  and  large  values  of  llie  total 
absorption  of  a  given  band  Is  a  function  o,.*  v  only;  howevsr, 
the  slaple  linear  relationship  given  by  Rq.  (P}  Is  not  valid 
In  the  Case  uf  uver-lapplng. 

(ill)  rae  non-overlappl  g  approiiaaUon  Is  valid  vhen  the.-e 


is  not  appreciable  overiapping  or  tne  Unes;  and  the  total 
ib!crpti&.T  is  glTt.a  by  5q.  (7)  vlth  the  cuuUibution  of  aU 
the  Indlvldtial  lines  added  together. 

It  is  possible  to  test  the  usefulness  of  a  given  band  aodel  by  eoa- 
paring  the  results  of  total  absorption  aeasurenents  vlth  the  theoretical 
predictions  for  ranges  of  values  of  v  and  over  vhlch  the  strong-llDC 
approzlmtlon  is  expected  to  be  valid.  Ite  strong-line  npprozlsiatlon 
Is  useful  for  testing  different  band  Bodelis  since  tbe  total  absorption 
depends  on  the  dlcbrlbutlcn  of  the  strengths  r.f  t.h»  iirw>g  «•  vgu  as 
upon  '.■'>*  o  ■  .LTUi-eaeat  ci  the  spectrsi  iineo,  na.!  Is  yulta  different  for 
■Ufferent  band  aedels.  Hovevar,  the  veal--U.ric  appro«i-etlun  and  the 
non-overlapping  spproxlBntlon  cannot  lie  used  to  test  dlffeivnt  band 


■ode la  since  the  total  absorption  Is  Tlrtuall;  Inlependent  of  the  llus 
spacing  and  the  dlsliibutiou  of  lie  strengths  of  the  Hoes. 

Of  the  QiseE  treated  In  the  present  report,  CO  and  H2O  are  linear 
aoleeules  vbose  absorption  bcuids  are  cooposed  of  lines  having  gradually 
changing  intensity  .rnd  spacing.  Tbt  structure  of  there  bands  is  best 
approxlasted  by  an  Elsaaser  eodel:  and  it  Is  therefore  useful  to  cocpeie 
the  K2C  and  CO  data  In  the  present  study  vlth  results  based  on  the 
Slsasser  theoretical  nodel  for  values  of  v  and  Pg  for  vhlch  the  strong- 
line  approxloatlon  vouM  be  expected  to  be  valid. 


It  vlll  be  Bhovii  below  l;i  the  dlticusslon  of  each  of  the  bands  In¬ 
volved  that  the  Elsasser  nodel  Is  sufficient,  to  predict.  In  a  general 
way,  the  depet.denoe  of  total  absurptlon  oc  absorber  concentration  md 


preasure.  However,  it  will  be  seen  that  the  eiperliseiiti.ll}-  observed 
effect  of  Increisliu;  presau  'c  is  liiKnlflcan':'''’  less  th.in  that  predletir 
i\ti  au  Elutmaer  httud  certaia  values  01  v  ona  ?^> 


C.  BUID  IiraOISITIES 

One  quantity  of  fund-iBectal  laportiusce  in  >  tudies  of  Bolecular 
spectra  Is  a  quantity  called  bond  strength  or  Intenalty,  Jk(v)dv, 
a  q-jantlty  analogous  to  the  line  strength  defined  In  connection  with  (^>) 
erc'^t  for  the  fact  that  the  Holts  of  integration  are  chosen  to  include 
on  entli'e  band.  If  fk(v)dv  knovr  for  a  vibration- rotation  band,  basic 
iniunatiun  cuDcesviing  Iraniiition  aoMents  appropriate  to  transitions  be¬ 
tween  vlurational  levels  can  be  obtained;  the  value  of  J'k(y)dv  also  de¬ 
pends  upon  the  population  differences  between  the  lover  and  upper  levels 
and  in  t.iusrefijre  also  a  fiinotlov  of  tenperaturc. 

Ibroa  the  data  on  total  abeorptior.  to  be  presented  later  In  the  re¬ 
port,  It  is  scoetlass  possible  to  deteralDe  a  value  of  band  Intensity 
for  the  various  bandr  to  be  Investigated.  Thia  quantity  can  be  evaluated 
frOiS  total  aboorptlou  j&casuraiubuts  piovlucu  (v}wa;vC  1  fox*  all  fzvquencios 
included  in  absorption.  Under  tnls  condition,  an  Integral  slallar  to 
(6)  but  with  the  Holts  of  Integration  choeen  to  Include  on  entire  band 
bSCOQ?! 


^(v)dv  ■  i^k(v)dv 


for  !;(v)w«  1  throughoul  the  sntlre  band.  Since  /A(»)dv  and  w  can  both 
be  neasured,  the  bend  Inteaolty  JTt'  v)dv  can  bo  deterolned.  llie  choice 
of  absorber  concentrations  and  press-aro  for  'ahlch  (6')  applies  will  be 
discussed  later  In  sooe  detail; 


1 


III.  EXPETJXnrrAI.  MPTS0D6 


A,  SPECTF.CCHAPHS^  ABSOiip'fX'jN 
*irn  r.ts.'JirriTrgf;  EQUIHEHT 

In  Lhe  prcEsnt  study,  a  Coutie-bcaa,  single -paae  Perkln-Ei*er  Hodel 
ci  ipectroBeter  wlta  KaC;  prien  viis  e.tploytd  for  freiiiencies  betvsen 
UOOO  e»*^  and  670  cm* -I-.  This  spectrograph  vas  aqulpped  with  a  drlrc 
sschauics  and  recorder  p.v.lucd  a  liiiecC  plot  ci  A(»)  tb.  v  on  the 

’ecordcr  chart.  In  Fig.  1  are  shown  two  views  o?  the  Model  ?1  with  dual 
long-path  cells  designed  and  -0!wt-,:.cted  specifically  for  it  by  Ferkia- 
Bi»er.  in  fjie  upper  pai-t  of  the  figure  the  sa^le  cel.  bousing  has  besn 
reaoved  to  show  the  Buitlple' reflection  syntea  which  utrlises  the  Vhlte^'^ 
principle.  The  two  cells,  which  extend  fron  either  al  l*  nt  the  ■j>ec*ros- 
*be>,  are  ioeptical  eni  er-  arranged  cc  that  they  say  he  ussu  BiaulUnjrnut 'y, 
CDS  in  the  aa^)le  heaa  and  one  in  the  reference  baaa.  In  the  lover  part 
of  the  figure  the  saaple  cell  bousing  is  shown  In  place;  the  cell  hous¬ 
ing  is  designed  to  hold  vacuw  and  gauge  preenures  up  to  100  pounds  per 
square  inch.  A  portable  gas-handling  syatew  which  vas  constructed  for 
.be  proaent  investigation  is  snovn  in  both  news  and  1?  diseuesed  bslcv. 

Each  cell  has  a  base  path  of  one  neter,  and  can  be  adjusted  to  AO 
waTMTCa  Ca*  CtStU  lUei  aun'oer  divisiDie  ty  foul.  The  cell  housing 

Bust  be  risoTci  In  order  to  adjust  the  nusner  of  tiaversals.  Although 
electrical  heating  coils  around  the  cell  housibg  are  capable  of  heating 
the  cells  to  approxlBately  10(A;,  the  data  included  In  the  present  study 
were  obtained  with  the  saapXss  near 

'terj  little  effort  is  involved  in  chtuulng  fTt«  the  dual  long-path 
cells  to  conventional  suort  aaffple  Cells,  or  vice  versa.  In  omvr  to 
OSS  the  long-path  cells  a  set  of  klnsaatlcally  aounted  optics  fits  into 
the  saapling  space  between  the  cells  and  directs  the  ladlabion  into  the 
cell  and  frer  the  cell  to  tio  iOuOv,lL.w»lor.  Bsete  opciea,  vnieh  are 
not  vlelble  in  Fig.  i,  cau  be  aasily  reaoved  when  abort  cells  art  to  uv 
used. 

The  aaic  body  or  uie  gas-nandling  syitea  sbown  in  Fig.  1  and  also 
tbs  pncklass  Blniature  vuives  were  fiade  of  A7.S1  ;i6  stalnlass  steel  which 
would  withstand  high  pressures  and  would  also  allow  ths  possible  future 
use  of  awy  ^ea  which  are  corrvslve  to  carbon  steal  and  uonrerroua 
■stale.  Oos  cf  six  outlet  valves  vas  connected  to  tbs  eaaple  ceil,  oos 
to  ths  reference  cell,  and  any  of  the  ether  four  could  be  conxitcta.d  to 
eylladert  of  ^  being  used.  The  pressure  in  the  a/staa  vas  raeordad 
by  one  of  four  different  gsugeo  destgeed  for  different  prsasinr  ranges. 

A  Vallace  and  Tiemnn  nbnnitite  prs«*’'rs  gauge  vas  used  in  the  prassuie 
range  oetveen  1  and  ao  sb  He.  This  gau«v  In  calibratsd  frea  0  to  90 
a*  Hg  and  is  designed  to  haw  an  a.-curacr  of  one  part  In  yuo  pmvloed 
the  "isro"  is  properly  edjusi«d.  A  Hci«c>l  gauge  vai  used  for  absointe 
pressures  lest  than  I.9  as  Bg  and  also  served  as  s  cheek  of  ebs  readings 


eve  ot  trv  Per.an-Klmer  Mo,!-'.  :-i  ipe- troir.eter 
dll'll  long-path  celis  srd  lyntom 


<j£  Ibe  WdlXuse  and  at  low  pressui'es.  A  simple  ^n'''-Puoe 

aanoBieter  served  to  measure  pressures  lu  the  mr.ge  from  50  mp.  He; 
one  atmosphere.  An  Ashcroft  "Duragauge which  la  a  Bourdon  tuhe- iTp.-! 
pressure  Rsugef  was  used  In  the  hl^er  pressure  range.  The  Ashcroft 
gauge  la  also  constructed  from  AIST  }ib  stairless  steel  ar.d  Is  csllhrated 
for  gauge  piess'ures  between  0  and  100  pou.ids  per  sc^uare  inch  in  steps 
of  one  pound  per  square  Inch. 

Before  Introoucing  a  sample  Into  the  sample  cell,  the  entire  gas* 
handling  system  was  evacua'.ed,  rhe  reference  cell  was  closed  off,  and 
the  absorbing  gas  was  added  to  ''he  system  end  to  the  sample  cell  at  the 
desired  pressure.  The  ■valve  to  the  sample  cell  was  then  closed.  In 
order  to  produce  a  sample  with  the  same  absorber  concentration  but 
greater  total  pi’essure,-  nitrogen  was  added  t.o  the  saa^ie.  Beiore  the 
rltrosen  va«  introduced,  the  gas-handling  cptem  (excluding  -the  sample 
cell)  was  evacuated  in  order  to  prevent  more  absorber  froa  being  forced 
Into  the  cell.  Bltrogon  'waB  then  added  to  the  uystem  to  t  pr'essurc 
slightly  greater  ■than  that  In  ■the  cell  before  the  valve  was  opened;  more 
nitrogen  was  then  added  to  the  sample  cell  until  the  desired  pressure 
was  reached.  IMs  procedure  vas  followed  in  order  to  red'ucs  the  flow 
of  ahnorber  from  the  cell  back  into  the  rest  of  the  system.  To  produce 
a  ssHple  of  still  nlgher  total  pTessure,  mope  nitrogen  was  added  to  the 
system,  without  evacuating  it;  the  valve  'w-tween  the  main  iystem  and  the 
sample  cell  was  then  opened  an^  nitrogen  added  to  the  desired  prsisuae. 
This  procedure  could  be  repeated  several  tins  to  measure  the  total 
abeurpliun  uf  a  serluu  of  aamples  having  the  same  absorber  concentration 
and  varying  total  pressure. 

In  order  to  reduce  th»  chance  of  the  absorber  diffusing  from  the 
sample  cell  back  through  ths  valve,  ■the  valve  was  kept  open  for  the 
minimum  time  required  u>  allow  the  pressure  to  come  to  equilibrium.  It 
la  probabia  that  most  of  the  absorte'*  which  did  In  some  way  get  out  of 
tha  cell  would  remain  tor  several  minutes  in  the  Vfoot  length  of  email 
tubing  which  connected  thu  cfll  to  tiie  rest  uf  the  system.  When  more 
nitrogen  was  added,  most  cf  this  absorber  wO'dd  bv  *orcea  uaua  into  the 
eell,  and  any  lotsas  of  this  type  -would  not  be  cunulatlve.  It  vas  ■found 
the*:  tie  observed  absorption  of  a  sampla  of  'ov  abnorber  partial  preseure 
with  altrogsn  addsd  to  a  high  prneeurv  in  onw  stap  agread  w«i.l  with  a 
similar  s.uq)le  In  which  the  ai  trogen  was  added  ot  several  tuevastlve 
step*,  thus  Indicating  that  leskagt  of  the  absorber  through  the  valw 
vae  oagllgtbls. 

When  somplai  containing  two  gnses  were  being  studied.  It  vas  es¬ 
sential  that  the  ■mcs  bv  Utoroughly  mixed  to  ensure  that  the  proper 
emouat  of  absorber  was  contained  In  the  radiation  peth.  0ns  might  ex¬ 
pect  that  ea  nitrogen  vas  being  added  to  a  sampla,  the  absorber  would 
tend  to  move  to  the  part  of  the  ceil  away  from  the  entrance;  and,  until 
the  ^«a  become  uniformly  mlxtd,  by  thsnsai  motion  or  otharwlss,  a 
falaa  absorption  imadlng  would  be  obtained.  It  '-ai  asiunid  that  r.  u.ci- 
fom  ghs  mixturr  had  be-  c  obtained  vbar  'ou.  cxptlon  of  the  sumple  had 


reached  a  constant  vnluc.  The  mixing  problem  vas  Investigated  for  each 
of  the  different  absorpnlor.  cellr,  uaed. 


A  idn  rtas  oeen  nuiit  in  tne  tevxin-is  leer  long-patn  ceiis  to  speed 
up  mixing.  Vlthoul  the  fan  6c<'-'rii!  minutes  aie  lequlieil  fur  mixing  of 
samp lea  at  high  pressures;  however,  only  a  feu  seconds  are  required  for 
mlxiae  when  the  fan  is  used.  Hie  fan  blade  is  connected  to  a  shaft  which 
extends  through  a  rotating  vacuum  seal  to  a  email  electric  motor  outside 
the  cell.  The  motor,  which  is  mounted  above  the  sample  cell,  can  be 
aeen  in  the  lower  portion  of  Fig.  1  The  necessity  for  forced  mixing 
probuti.y  arises  from  the  fact  that  the  cantilever,  which  buidi;  one  of 
the  Blrrom  Inside  the  cell  and  is  visible  in  the  upper  portion  of  Fig.  1 

l.V.^  ..it  J-J....  _ .X»  A.1.  >  -  . 
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to  the  otcer  apparently  occui*s  ratner  siovj.y. 

Figure  2  is  n  dmving  vhlch  Illustrate-  the  -sustructlon  of  two 
short  cells  which  were  used,  one  1.55  cm  and  the  other  6.35  ““  dung. 

Ths  s^Tithetlc  b'ina-S  '  0"  ring  between  the  w^  ndow  and  the  cell  body  serves 
as  the  seal,  and  the  windows  are  held  in  place  by  brass  end  plates  Joined 
by  threaded  brans  rod".  The  grooves  for  the  "O’’  rings  are  not  deep 
enougn  to  aiiov  metal- to-wiruloi:  contect;  this  reduces  any  local  stresses 
caused  by  Irregularities  In  the  windows  or  metal  vhlch  might  tend  to 
crack  the  windows.  An  '0”  ring  between  the  end  place  and  window  serves 
as  a  cushion  and  1-  dlreotuy  OypUolte  the  'w’‘  ilug  oeal.  Tulw  maxee  1« 
p.'i.icible  to  hold  the  vlKdows  on  fl'Hily  .Ithout  producing  appreeiabie 
shearing  stress.  The  short  cel  la  can  be  used  for  vacuum  and  for  gauge 
pressure*  up  to  60  psig.  Grooves  were  mi  Lied  in  one  endplate  which  fits 
Into  H  iwoeptscle  provided  on  the  spectnymeter  directly  In  front  of  the 
entrance  slit.  Two  NaCl  wlndcwc  were  put  In  the  reference  beam  to  correct 
for  the  attenuation  by  the  cell  windows. 

It  was  found  that,  mliclng  was  essentially  complete  In  the  short  cells 
within  a  fev  seconds.  However,  a  few  mlnwLe»  weie  required  for  mlxlDg 
Ir  ii  semevhat  similar  cell  diffvituit  fvc-'ii  UiO  ahuvu  lu  Fig.  2  in 

that  the  viive  was  Joined  to  the  nalr  body  of  the  cell  by  approximately 
two  Inches  ,-f  tubing.  The  vaivs,  vas  ecLdered  directly  to  the  cells  ueed 
In  the  later  work.  lo  is  probable  that  the  rather  long  mlxliig  time  for 
the  firat  type  of  ceil  was  caused  by  the  fact  that  Slffuslon  through 
the  small-bore  tubing  to  the  val”»  rook  place  very  slowly. 

Studlsa  sf  the  *i360  cm"'  10  band  were  made  with  a  Perkln-Hlaar  Jkdnl 
99  spec  truras tar  with  a  LIF  prism.  A  Hemst  glover  served  as  a  radiation 
source  and  a  thermocouple  vas  used  as  the  detector.  The  signal  vas  am¬ 
plified  by  a  l>)rltln-ELT»r  Model  amplifier  and  the  spectrum  displayed 
by  a  Leeds  and  Northioip  Speedooax  riecordcr.  A  multiple-paws  cell  with 
a  White'®  optic:;'  -.ysiem  end  external  adjuatwsnts  wee  used  with  the 
Modal  79  spectrometer,  nie  base  length  of  the  cell  Is  I.5  motere  and 
paths  as  long  as  uC  meters  ware  used,  although  paths  twice  this  great 
can  be  obtalaeA  The  •'ody  uf  t.hr  coll  ij  steel,  the  end  p.lates  a'..umiua:, 
and  the  windows  NaCl.  Total  preseures  are  limited  to  atmospheric  and  lass. 
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Absorption  ■Aasuj’eMinU  vita  th:  ntaupis-peLsa  c!«j!  iia*4  In  the 
atuily  of  the  4260  nm-1  CO  hand  indicate  that  nixing  is  coaqilete  nitii-'n 
sevnrai  taeonds  after  ciorcg::o  is  introduced;  therefore)  forced  alzin^ 
vbs  not  necessary. 


B.  WASTOEIBBT  C;F  TOTAL  ABSORraOB 

ne  total  ahsorptlou  of  the  saaples  studied  with  the  Model  21  spec- 
troenter  vas  easllf  dateralned  by  aaaaurlng  the  area  under  each  recorded 
speetrua  vlth  a  coapensatlng  polar  planiDster.  The  abscissa  was  linear 
in  fitiqueney  *  and  the  ordinate  was  linear  in  fractional  absorption  A(v); 
theiafore  the  urea  imder  the  absorption  curve  uas  proportional  to  the 
tntnl  absorption.  In  soae  eases  slight  corrections  had  to  be  aade  for 
scattered  light  and  for  differences  In  deflection  correeponding  to  zero 
absorption.  Such  differences  were  caused  by  nnanosi  o*tenuation  la  the 
saaple  and  reference  bcozs  by  the  lri.;trua«ut  and  by  the  atasoapneric 
vlthln  the  liistruMnt.  These  effects  were  easily  corrected  so  thst  negli¬ 
gible  error  In  the  aeasurenent  of  total  absorption  vae  caused  by  thaa. 

Spectra  of  the  4260  band  obtain*!  with  the  Model  90  speetrow- 
ster  vcrc  replotted  before  being  ■easurod.  An  "envelope"  spectrua  was 
obtained  with  the  cell  evacuated,  a,*!  vas  superi^osed  on  each  saapla 
spectrua.  The  envelope  spectrua  served  as  the  ram  percent  ebsorptioh 
curve  and  the  epectrua  was  replotted  on  a  scale  whose  ordinate  was 
Uneei  lu  fmetionni  nbsorptiou.  Ibe  area  under  the  rspiottsd  curve 
vas  then  asasured  and  BultipU«<.1  by  an  appropriate  "nomalltlag  factor" 
to  dstaralna  the  total  abaorption.  TUle  pruceee  of  replottlng  the  epeetra 
haa  been  dlseuseed  in  detail  by  SBU^- 


C.  ERRORS  AlfD  ACCTRACT 

The  poeslble  sources  of  error  In  e  study  luch  as  this  nay  he  divided 
into  three  categories: 

(t)  errors  In  aaagillng  of  the  gases  (In  determin¬ 
ing  the  aeount  of  absorbing  gee  and  nitrogen 
In  the  ceil), 

(11)  errors  arising  from  Inaccurate  recording  by 

liv  spccirowter  due  to  roles,  drift.,  end  aoa- 
linsartty  in  the  detection -espUflcatlon- re¬ 
cording  systeB; 

(111)  errors  In  Masurlng  the  recorded  spectre. 
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1.  Sajmllng  Errcrs 

Bie  jML.Ior  sjurue  oi  error  Ir.  ceotyllu*  le  the  efltot  oi'  t^jorp- 
tlcn  of  the  sKses  on  th«  cell  vails;  the  prohlens  Involved  are  discussed 
in  great  detail  In  Appendix  1.  Another  source  of  saiepllng  error  Involves 
the  accuracy  vlth  vhlch  the  pressures  of  the  saaplcs  vere  oeasured.  With 
the  sye+ew  OT  four  vniiges  nient1c»neH  shove  1t  wus  pivsslhle  t/v  wees'ire 
pressures  greater  than  10  an  Ug  to  1^  vlth  a  t'uaewhat  greater  error  for 
snaller  samples.  loproper  ailxing  of  the  ahsorher  vlth  nitrogen  vould 
give  rise  to  error;  however,  this  error  Is  believed  to  be  negligible, 
as  Bsntloned  earlier,  since  care  vas  taken  to  ensure  sufficient  aiizlng. 

Krroif  In  U>e  recorded  spectra  ulght  arise  frco  absorption  by 
an  Impurity  in  tho  samo  spectral  region  as  tho  absorption  band  being 
studied.  Skull  amounts  of  CO^  vhlch  were  present  In  the  HgO  and  00  gasei 
produced  slight  ahaorptir-n  nr  the  hlgh-frev'uency  side  of  the  ?hph  cm*! 

BgO  band  and  the  cm-l  CO  band.  By  recording  epectra  nf  OOg  sanpien 

having  approximately  tne  same  absorp'''ion  es  the  COg  impurity,  It  vas 
possible  to  astlaate  the  COg  absorption  and  to  correct  the  spectra  In  the 
region  where  both  the  absorbing  gas  and  the  COg  produce  abiorptlon.  A 
ilmllar  correction  for  ahporptlon  by  Impurity  In  the  CHj^  vas  also 
made.  This  tyy..  correction  vas  necessary  oily  for  samples  large  ab¬ 
sorber  concentration  and  was  easily  made  u>  yield  an  error  of  l  e  than 
li  In  the  total  absorption  except  In  the  ease  of  the  1$50  cm~l  Cdi,  band, 
for  vhlch  the  error  Is  somewhat  larger,  lo  absorption  by  l«purltlss  In 
the  region  or  ths  L'U  4kti0  cm*'^  band  was  round. 

llie  approxlmsts  purities  of  the  gssss  used  la  ths  present  study 
are  listed  along  with  the  major  Impurities  in  Thbls  1. 

i.  Recording  Errors 

Errors  In  rsccrdlng  the  sprctra  tries  from  ths  usual  noise  end 
from  other  variations  due  to  faulty  Instrument  operation.  Oiesa  varia¬ 
tions  can  cause  s  misinterpretation  of  the  apparent  location  of  the  s*ro 
absorption  curve.  Errors  of  this  uort  are  particularly  noticeable  In 
spscun  with  lov  lotal  absorption  and  are  estimated  to  be  fur  total 
absorption  Isis  tnsn  lO  em*^.  9m  percentags  error  dccreasas  for  greeter 
abeorptiun  and  la  approximately  ±!f  for  valuee  of  total  absorption  greater 
than  10 

},  Error*  In  siaasui'smsnt  of  Recoris 

Rspsatsd  neasurementa  Indlcsu  that  a  caisful  operator  can 
maaiure  ths  iraa  under  an  absorption  curv'c  with  a  precision  of  l«is 
than  Xj.jk. 


It  Is  estlsattd  that  the  over-all  eiror  does  not  axcsad  tlOf 
for  values  cf  total  sbsorptlou  levs  than  10  cm*^  nnd  Is  lass  than  *}% 
If  ths  total  absorpltoo  la  greater  than  10  cm*-''. 
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In  LUC  p.-eienc  ituay  aix  vmiues  or  partial  ;resEura,  total  prattura, 
asd  equlvalcut  prciiuura  are  expreaaed  in  nnits  of  im  Hg  absoluta.  I^bu- 
lated  values  of  partial  pressure  of  the  ahsorblcg  gas  represaot  tha  par¬ 
tial  pressure  of  the  gas  as  it  cones  froB  the  cylinder  without  corraetlng 
for  the  purity. 

Values  of  absorber  concentration  w  are  expressed  in  teras  or  a  ualt 
called  the  ataos  cm.  and  are  given  by  the  product  of  the  absorber  path 
leitpth  In  ca  and  the  partial  pressure  cf  the  absorbing  gas  In  ataoepheres, 
corrected  to  standard  teaperatuie.  The  purity  of  the  absorbing  gu  la 
taken  into  account  In  calculating  values  of  v. 

Since  values  of  absorber  concentratiou  are  expresaad  unlta  of  ataoa 
c»,  It  rol'ovB  froB  (6')  that  the  unite  of  l>ahd  Intenalty /k(v}dv  are 
ataot''  ca-^.  it  is  sapbaalMd  that  values  of  band  Intensity  are  baaed 
on  values  of  w  which  were  corrected  to  standard  tasqiexature .  Tha  ob¬ 
served  values  of  J\(v)dv  will  be  colored  later  to  reaults  of  other 
workart  which  are  expressed  In  unlta  of  atBoa'^-ea*^  aae*^.  Whan  thaae 
units  are  used  the  nuisiricsl  »alus  differs  by  a  factor  of  e,  tha  spaed 
ot  light.  ” 


arjEPJCTiTios  o?  ssir-aasusirrsc 
cnemciEiTB 

In  Section  11  tha  concept  of  equivalent  pieeeure  ms  Introduced  and 
was  expressed  In  (!>•}  In  terse  of  s  EClf-lroausolbg  coefficient  8,  which 

een  be  •xnreesed  as 


.  1'/'  [-..-lI  ' 


in  taraa  of  tbs  eyabaxs  introdueaa  earlier.  The  axparlBsotal  dstansinB- 
tlOQ  cf  B  toTolves  a  etudy  of  the  tranaBleelOB  of  radtattoa  threoi^  eells 
of  different  length  In  which  the  absorber  coaoeetratloD  w  la  the  aaH. 

The  saapl:  In  the  short  cell,  called  the  'iifeienuc  •'all'’,  ruaalate  uf  a 
purs  sasq)le  of  tha  abeorblna  aaa  at  prssaure  pj  for  this  eeU 
aul  the  equivalent  pressure  Is  given  by 


% 


Bp 


rsf 


(i£) 


(Befereuce  C«ll). 


•Thfi  nM:p'.«  In  ••It,  Ui«  “cftepii  esi- 

•  laU>  uf  n  »«•].!•  ui  th«  pum  «b«orb«r  ftt  tM  pftrtlai  pr««e»'^ 
tn  produce  an  at>;or*;a»-  ';onr<*atratlin  v  .'qual  tft  t^at  ia  'M  '-“vti 
cal;,  iniilnily,  caa  aoaorpvloa  ot  m«i:ation  in  Um  aaapia  eeii  la  erta- 
aldetauljf  laaa  IWu  U<aL  In  Ute  leraiaui^a  <,b11|  atoca  liia  partial  prasaaTa 
and  UitAl  praaaurc  are  laas  than  tboao  In  C'.i  sbortor  rararaoca  call. 
Varloua  amounia  of  nttrofren  are  Uan  added  m  tha  rafareoca  call  coma- 
pondlne  to  equivalent  prccourva 


Pfl  •  Pb  •  (Saapla  CellJ 


(17) 


vhere  la  the  partial  preeaure  cf  the  broadening  gpa.  For  the  ettua* 
tion  i.t  «..iva  tee  aoaorptlona  in  aaasple  and  rerarence  cella  are  Boat 
nenrly  eqi-.ni,  la  aaaunej  that  the  valuea  of  In  (16)  and  (17)  are 
TV...  valve  the  aelf-brcaderJag  coefficient  caa  tics  Vo  do¬ 
te  rained  froa  the  relation 


?1> 


« iS) 


vhera  p”^^  la  tlie  partial  pteaaure  of  the  nbaorblng  0ia  In  the  sbor. 
reference  cell  and  p  and  p^,,  reapectlvely*  are  the  partial  prcaanroa  of 
the  absorbing  and  broadening  ff*arn  in  th*  longer  eaapla  call  etaan  tba 
absorptions  In  the  tve  calls  are  equal. 

Ibe  value  of  D  van  daternlnad  for  except  the  <iC60  cb*^  CO  band 
bp  naUng  uaa  of  tha  d.nuble-bcaa  feature  of  the  Mxlel  ri  spectroMtarf 
vlth  the  6.)9-cn  cell  In  the  eaaple  beaa  end  the  1.5^-cb  cell  In  the 
referenee  benm.  Toe  aatbod  oned  to  detemlne  8  for  the  hp60  c»~i  band 
in  dcacrlbel  belov  lu  Uir  liccuseluu  uf  the  rcaulta  obtained  for  this 
band.  Tbe  aiuw  abaorber  concentration  van  added  to  both  cells  bp  naUng 
tha  TTtlc  of  the  partial  prasourea  of  absorbing  gas  in  tha  two  calls 
Inversalp  proportional  to  tha  cell  lengths,  lha  prasaura  In  tba  aaspla 
cell  vea  than  incrcnn.*>t  in  snail  intorvaln  bp  adding  I2  *>4  tba  apsetrun 
was  anauusd  for  each  sas^la.  Tha  apactronetar  ranordad  tha  taUo  of 
tinnoalaaion  of  the  eanple  cBit  T(aaB. )  to  tbe  transniaeloa  of  tba  ref¬ 
erence  ceil  f(rer. } 

Typical  spectral  conparltons  which  ware  obtained  in  this  aanoar  for 
the  222h  ca"^  RpO  band  are  abovn  in  part  Z  of  FIs.  3  various  values 
of  total  praaaure  In  the  ooaple  cell.  The  daabed  line  at  T(aas.  )/t(rar. )  • 
1.00  lepi'esenta  tbe  recorder  pen  poeltlon  when  tbe  two  beane  were  "baiancal* 
i.e.,  the  trananisBlone  of  both  sanplaa  were  the  aoae.  It  la  aaen  that 
iiHf  letm  «^r  Uir  t><*it«miv»..viiv  u«*creae»d  with  Incrausicc  prccsarc  la  tit 
?ai8plr  cell  at  vn..td  be  eirperted,  and  that  anna  of  tha  apaetra  oeewr  aK've 
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r«r*rM««  anl  mm^v  u.'«kt  Ut  rtfwwM*  • 

Xfr^  )■  la  Ma^l*  taU  for  •ack  lyacxw  l» 

t3*lcat«4.  Hrt  II:  flat  »r  >  M  coUiataa  cra«a  Maltaa 
raUa.  IW  fawr  4trr»r*«t  aai*  nr  ^taW  inrrtiT— *  *s  tka 
rawlla  of  Vt«  •yac'lra  tkwaa  In  T*r\  i  a*  *«U  aa  ta  l^raa 
.;ta*r  arta  vf  aaai^.aa  <iarlr4  atrfnmai  valaa*  af  akaaraar 
enaciatratlc^ 
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the  balance  line  for  aojnc  freqvenclea  aiid  beloy  the  line  tor  other* 
‘iherefcre  the  total  p'eaanre  corresponding  to  balance  wse  not  the  atce 
for  all  frequenelea.  'rti''  preseure  ccireeL-rndlng  •'o  balance  for  aov  >  '.reu 
frequency  van  detentuien  oy  inte>^iatljM  ocvween  uie  tiio  aucceawive 
curvea  which  uccur  uit  alUea  uf  Uie  uolauce  Hue. 

Since  the  value  of  p^  corresponding  to  equal  transaiaeion  of  the 
cella  iraa  found  to  vary  wxui  rrequenc/,  It  is  cpparcat  taet  tne  value 
of  B  varies  throughout  the  band.  Points  corraapondlng  to  the  experlasat- 
“Uy  <<«tjorBlned  value  of  B  were  plotted  egalnsv  frequeuey  In  Part  XI  of 
fig-  3- 

The  ratio  of  colllwion  cross  Hecticao  is  shown  by  the  right-hand 
acale  In  Part  II  of  Fig  5.  nils  quantity  la  Included  only  as  a  setter 
uf  Interewt  and  fwi  fuluic  cuiupa^ l6wii>  Zt  Is  related  to  the  lure  Is- 
portant  quantity,  B,  by  £q.  (l^). 

n>e  present  study  deala  prisarlly  with  total  abaor->tlon  rather  then 
with  the  absorption  at  certain  frequenclea.  It  was  theiefora  desirable 
to  obtain  a  nominal  value  of  B  which  could  be  used  for  an  entire  bend. 

The  ncnlnnl  value  vaa  arrived  at  by  taking  a  "weighted  average*  valxte  of 
£  over  the  frequency  Halts  of  the  band,  with  extra  weight  given  to  the 
frequency  ranges  which  contribute  aost  of  the  absorption,  '(he  values  or 
B  detemined  for  each  •'ana,  which  are  listed  In  Thble  2,  are  ’..lieved 
eccuiahe  U/  ae  au  "cXTcuwlvv"  Vuluc  fOT  thC  CntlfC  bands. 

The  experljsental  results  reported  In  Sections  V  -  VIZ  indicate  toet 
the  totsd  absorption  never  has  a  dependence  on  equivalent  pressure 
which  is  greater  than  approxlaately  Therefore  a  relative  error 

of  64  In  B  vo'.ild  not  ;;lvc  rise  V-  a  relatlwa  arror  graat^r  than  P  or  54 
In  the  calculation  of  total  absorption  frua  the  empirical  equations  to 
be  presented  later.  This  maxlsua  error  would  occur  only  for  sa^des 
containing  the  absorbing  gas  alons;  the  error  would  decreese  for  saaplea 
containing  No  and  wo-jJd  vanish  la  the  ease  of  Infinite  dilution.  The 
...>— 1 1 fi— 1  vo.l**.-'-  -'-f  In  1  nre  therefore  ouf f Iclcntly  nscumte 

fot  the  present  purpooe,  which  la  to  make  It  possible  to  account  for  the 
dlffernnt  broadening  obillty  of  dlfiVreal  gtect. 

'juae  I'lnal  report  on  tb.ta  research  prograa  will  contain  detailed  In* 
formation  on  the  dependence  of  B  with  frequency  ror  each  or  '.be  absorp¬ 
tion  bands  discussed  lu  the  present  study,  as  well  as  for  other  absorp¬ 
tion  bands  discussed  la  subsequent  reports,  information  vUl  also  be 
given  which  concema  the  relative  broadening  abilities  of  several  Inert 
gases;  Mg/  of  this  laboratory,  as  well 

aa  uevex  -^l  earlier  liiveetlgators,  bes  fuuiid  that  unambiguous  values  of  B 
;an  be  detemined  und  that  the  determined  values  are  actually  independeal 
of  pr^srvia  tor  the  preasur*  rang*  covered  In  this  roport.  CSIb  reeuH 
Indicates  that  the  effective  collision  cross  sections  of  ths  molecules 

ar*'  ••-aeiiClnl  jy  indapeiideuL  uO  prci/uiua  .tvvx  Ihu  4aunt>M  wf  piUSwAt'a  awl 

for  geees  used  is  tne  present  study. 


It  vas  sbovn  In  the  HBH  i-eport  that  tha  broedeninR  ability  o'  alv 
IB  very  nearly  tie  aajc;  of  !*2.  'Hierefore  the  values  of  equiva¬ 

lent  pressure  vhiih  ire  used  In  the  pre-seat  otuil#  would  uppruxiiuite 
the  total  prefiRiire  In  nn  otriospherio  path,  provided  the  partial  praswuie 
of  the  absorbltiK  eac  Is  soall  in  comperisc-'  ••Itl  -.i.iniisphei’lc  pressure- 


IV.  TREAmEirr  op  mta 

When  the  study  of  a  given  absorption  band  or  region  was  started,  it 
vas  found  dpslm  'le  to  select  so=o  definite  silt  program  for  the  apec- 
treeaeter  and  to  take  all  data  -with  the  sane  progrnsi.  On  the  Model  21 
opectros^ter  it  Is  possible  to  scan  the  spectrum  of  a  band  with  the 
slitwldth  constant  or  to  a  slit  progrsasring  mcchariisin  whluh  auto* 

matically  adjusu  t.hn  r.li-^s  eoullnuously  so  the  spectrum  Is  being  scanned. 
Although  the  total  abao,i,tiou  ^A\v)iiv  is  indepennent  of  slltwlit.h  or  of 
slit  program,  there  are  occasions  idien  It  is  desirable  to  compare  A(v) 
for  some  definite  frequency  fer  different  samples;  this  would  be  lipossl- 
lile  unless  ell  date  are  taken  with  the  same  slit  program.  Hovaver,  slnca 
tie  detus  of  iJrismry  Importance  in  the  present  work  Is  yA(v)dv,  it  la 
net  necessary  to  work  with  narrow  silts;  it  is  desirable  to  work  with 
silts  sufficiently  wide  to  glvp  large  values  of  signal-to-noise  ratio 
even  for  the  largest  values  of  total  absoi-ptlon.  Another  practical 
reason  for  the  use  of  vide  slits  Is  that  the  pT«ee««  nt  pianimeterlag 
speotral  recoiiUnas  Is  easier  for  bands  not  exhibiting  rotational  fins 
structure;  for  nearly  every  band  etudled.  It  would  have  been  possible  to 
obtain  more  detailed  information  concerning  band  shape  bad  this  Informa¬ 
tion  been  important  to  the  investigation. 

Once  a  piugram  for  the  sUta  had  been  selected,  s  large  number  of 
spectra  were  recorded.  These  spectra  provldsd  data  on,/A(v)dv  for  ex¬ 
tremely  wide  ror.ge«  nf  absorber  concentratlou  w,  partial  preasure  and 
total  press'ire  F— Including,  of  course,  pure  samples  of  the  absorbing 
gas,  for  which  case  p  -  P.  The  vxiu.-'o  u.*’  total  .-.hjorption  for  various 
cell  lengths,  absorber  concentrations,  o'.uivaleut  pressure,  etc.,  are 
organised  in  tabular  form  for  use  in  tests  of  thscretlcal  predletlona; 

It  Is  hoped  that  these  tabulations  will  prove  useful  to  theorists. 

One  type  of  relationship  important  to  nearly  all  current  theories 
Is  the  relationship  between  nbsorptlon  and  pressure.  In  order  to  es¬ 
tablish  this  relationship  from  the  data  obtained  In  the  present  work,  l 
set  of  Icgsrlthmlo  plots  of  total  abeorption/A(v)dv  ss  «  function  of 
equivalent  pressure  F,  Is  then  isade  for  vniloue  values  of  absorber  con¬ 
centration  w.  Prom  the  -lores  of  the  curves,  the  relationship  between 
XA{v)dv  and  P,  can  be  ibtaiis'd.  usually  it  Is  T  unrt  possible  to  show 
thut  JX( v.Mv^Fq",  where  u  ueua'ly  does  not  have  the  value  of  0,5  that 
would  he  expected  on  the  toslt  of  (9)  for  a  squar.— root  approximation 
even  In  s : tua H ■•.n«  wb-i-  Hiip  ?;;rV-';iSAtlt”.  sight  be  CV.Cl.i.d  to  ipol*. 

Anolh’.r  set  of  logarithmic  plots  is  then  prepmjed  giving /A(>)dv  us 
function  of  ttbsorher  concentration  v  for  various  values  of  equlvulenb 

oil 


pressure  Fror  the  sloces  of  the  resulting  curves.  It  is  possible  to 

detemtlne  the  nelst.-'-P  bttveeii  ^Afv^dv  ard  v.  It  is  UBOBlly  fou'W  hat 
/A(y}d’.- -a*  vhere  =  =  'J.5  is  ssse?  is  vhlih  the  sqiiarc-roct  aptio^iiaiiloa 
Might  be  expected  to  apply. 


the  next  step  In  attCMptlng  to  establish  experlMental  relationships 
hetvean  yA(  v}dv  and  saaple  parasteters  is  to  nahe  logarlthxlc  plots  of 
J'A(v)>iv  as  a  function  of  wP^".  ProM  the  resulting  plots  it  Is  frequently 
possible  to  obtain  esiplrleal  equations  relating  total  absorption  to 
pertinent  saaple  panuseters  for  certain  definite  ranges  of  values  of 
total  absorption  aud  equivalent  pleasure.  It  is  usually  poaaible  to  ob¬ 
tain  anplrical  equatlona  of  the  fnnu 


^A(  v)dv 


where  c,  a,  and  b  are  e^lrleal  eoruttants  with  b  approxisately  equal  to 
O.'i.  Such  equations  are  valid  for  Intaraadiata  valuea  of  yA(v}dv  and 
Pe  for  which  strong  but  not  serloualy  overlapping  lines  night  he  e:gpeeted 
throughout  nose  parts  of  the  band. 

For  large  values  of  rA(v)dv  It  is  found  that  the  central  portions 
of  the  ebjorption  band  rrprooont  n  spectral  region  of  nearly  cuttplete 
absorption.  Furtear  increase  in  w  or  results  Merely  in  growth  of 
A(  v)  lu  the  vlngt  of  the  hand.  For  this  situation,  the  total  beuid  ab¬ 
sorption  car  bv  expressed  by  equations  of  the  for* 


(A(v)lv  ■  3  +  D  Log  (wPe*) 


where  C,  D,  and  a  are  eapirlcal  coni:t)-nt3. 

It  is  rather  difficult  to  derive  satlsfactcry  aavlrleal  equations 
for  extreanly  snail  valuea  of  J"kiv)iv  and  F-.  Under  certain  clrcunetanees 
J'A(v)dv  is  found  to  be  nearly  independent  of  P, ,  a  I'eault  Inuloatlns  that 
Doppler  biotulcning  is  the  dooinar.t  Influence  on  line  width;  under  other 
e  nodi  tl  one  /*(  v)dv  nay  vary  linearly  with  w  as  predicted  by  (B)  for  snail 
values  of  X  •  Sw/Pm.  “ 

Although  total  ubsorpcicn  is  the  qiuuitlty  that  Is  independent  or 
sUtvldtta,  It  is  soMetlMsa  lesirabie  to  conipere  the  Manured  values  of 
A(v)  at  certain  pointb  of  interest  in  absorption  bands  in  ordsr  to  oo^ 
pars  sxperlasntal  results  vitb  pr«'llctlons  based  on  various  theorstlcal 
band  Models.  Nssvured  values  of  A{v)  near  regions  of  aaxlnuB  absorp¬ 
tion  In  I'—  P  vrd  g-brenebes  are  eaeples  cf  leglona  vhti-e  thcnretleal 
rrcil-'.io!"  -ri  '.iBei  Vv  checbel.  I',  thfVill  be  esphnolscd  OiVilu 
that  A(v)  is  dipendent  on  effective  olltwldth;  conp'irleons  of  A(v)  ob- 
..alaed  with  different  eiierUve  slltwlaths  are  aeaoinglats. 


The  treatment  of  data  and  the  development  of  epplrieal  jelationD 
vlll  Vj  discussed  in  some  detell  in  the  follovii.g  ccctlca — along  aith  a 
comparison  of  observed  results  ana  theoretical  predictions.  Jfcny  details 
will  be  osiltted  In  Inter  Sections. 


V,  EXPEMJEtrJAL  RESULTS  TOR  THE 
222h  cm-i 

The  fundamental  band  of  NpO  which  has  Its  center  at  222U  cm*^ 
occuix  in  us  "atmospheric  window"  which  lies  between  the  strong 
2350  cm"^  COj  band  and  the  1595  cm*^  HgO  band.  The  major  portion  of 
the  absorption  by  RpO  In  this  spectfal  region  Is  due  to  the  v>  funda* 
swntal  uf  the  cosmion  Isotope  N2'*-‘*0it>.  However,  there  Is  absorption  by 
the  less  comon  Isotopes  as  well  as  by  at  least  one  weak  band  (vi4’Vp>vi) 
described  by  IRienpsoa  and  Wllliaa.i  loi  the  sabs  of  sluipllclty  lu 
the  prcsc.it  report,  all  tbese  bands  together  will  be  referred  to  as  the 
222U  em""  RgO  band. 

Altbougn  the  concentration  of  nitrous  oxide  In  the  earth’s  atmos¬ 
phere  near  ground  level  la  only  approximately  three  parts  In  ten  mllllon^^, 
this  band  gives  rise  to  a  major  portion  of  the  atmospheric  absorptlo”  In 
tbe  region  where  It  occurs.  A  knowledgs  of  the  absorption  of  this  baud 
Is  tberefoie  Important  in  the  calculation  of  the  transmission  of  radia¬ 
tion  In  the  "atmospherl:  window”  In  which  it  nreurs.  The  contribution 
of  this  band  to  the  heat  halanee  of  the  earth's  atmosphere  is  negligible 
•Inee  the  major  portion  of  the  solar  rad''atloB  occurs  et  higher  frenuen- 
del  and  most  of  the  radiation  emitted  by  the  earth '■  surft.ee  occurs  at 
lower  fit’^'>*uele8. 

Note  then  200  epe.itra  were  obtained  by  using  the  double-beta  Model 
21  epectrometer  with  absorption  cell  lengths  of  I.55,  6.35,  40o,  duo, 
and  1600  cm.  Different  coobirr.tloar  of  RjO  and  5^  were  used  to  provide 
absorber  conoeiitraUune  irum  0.u(X>l6  to  Yo.h  etmoe  cm  end  total  praesv.'ee 
from  1  to  3000  am  Hr.  All  spectra  vers  obtained  with  silt  widths  eorree- 
p«-sing  to  apprcxlnate.iy  e't  cm**  end  wind  the  cell  temperature  nnsr  30®C. 


A.  ALSOiaTTOH  CURVES 

Treclngs  of  epeetra  ol  tome  of  tbe  eemples  tamvlcg  the  lergect  ab- 
eorber  eo)\centrmtloD  arc  shown  In  the  left-hand  portion  of  fig.  h.  A 
alight  growth  of  the  htnd  as  a  result  of  Inereetlng  the  preteure  with 
■2  le  lU'ist.rahed  by  these  epaotra;  and  the  bind  limits,  bayood  which 
^rs  is  negligible  absorption  for  even  the  largeat  atmpXea,  are  lodl- 
oated  hy  the  Limits  of  the  epeotTa.  a  f*v  spectre  of  tagplsf  eoatalnlng 
etili  larger  vmluee  cf  aoeorber  couc.u-n.Uoo  weie  ob*jniatd  but  have  not 
-uuo  included  elnoe  very  ttttia  addltionai  inforamtlon  could  be  obtained 
from  Uiea.  It  le  tbovn  below  tu  tbe  dleeutsioa  of  Figs.  12  end  lb  that 
there  le  little  Inereae*  in  tbe  total  abeorp.tlOB  of  tbe  band  for  larger 
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rif.  10.  Spectra  of  the  2?Z^  H^O  har.d. 
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S«atluu*  o'  Majr  o'  Uw  ajwctn  Men  oaittad  to  prevent  o««r-ci'ovdlB4 

of  tte  flgurta,  but  mioh  of  *acb  ipactnai  as  could  ba  pzaaantad  eliarlf 
UM  laeludad.  Qaa  parcaat  tmaaaiaaion  of  u.a  aaaplaa  la  sba  spactr*! 
i«KloM  vteT*  oaflMBts  vara  oolttad  can  cosll/  tc  astlaated  by  Inrarpoi^ 
tiOM  bataaaa  atyasant  abaosptloB  curvaa. 

All  of  tha  aspcrlaaetal  laaulta  cbtalnad  for  tba  ?22<«  ca*^ 
ara  auHiarliad  la  labia  Tba  abaorbar  eoacaatratloa  «  and  aqulmlaat 
praataxa  P,  for  aacb  aaapla  ara  abeam.  Tba  a^ulaalaat  praaaura  P,  a«a 
naleulaU-i  frr*  tbr  total  piaaaora  P  aad  tba  RjQ  partial  praaaorr  p  by 
tba  aiivla  aquat5n>i 


P,  -  P  ♦  0.12  (21) 


la  aeeordaaica  vltb  Iq.  (lb)  aad  Tbbla  2. 

'■'•lata  of  tba  total  abaopttoa  as  imll  aa  tba  obaaraad  parcant  ab< 
aarptloa  at  SSAO  ea~^  aad  2213  cb*'^  ara  tabtUatad.  Tbaaa  t«o  fiaquaaalaa 
..otraapead  to  tba  aaalB  ta  abaorpUaa  ta  tba  P-  aad  Nbiaaebaa,  foapaatlaaly. 
MMarba  coaaaralu  tba  aa^pUnc  preeadu'a  ara  taoludad  ia  tba  rt(bt>baai 
aolwB  of  Um  Ubla. 


B.  Toiti.  meamm  as  a  pumcttot 
OP  eoKawtMT:^  'jr> 

BQ)S;YAiJ9R  PMcSTun 

bbay  of  tba  naalts  taanartsad  1«  Ibbla  ]  ait  plettas  tt  a 
aaala  ta  Pt^.  U  «iUt  abaarptiaa  abaws  m  a  tmeum  of  tba 

Ibbt  praaattfa  P«.  Saab  aturra  aoi laipuadj  to  a  slwia  abaorbar  aoaaaoti*. 
ttab  a  aad  abaaa  tba  affbat  of  lacaaaatbd  tba  aqalaalaat  proasom  by  aid* 
t»t  1^.  Tba  tpatfc'  rafart  to  laaatb  of  tba  aWorptloo  tall.  Tba 
polota  aartiai  a  abieb  oaau.*  at  tba  teaar  aeda  of  tarraa  b  tbrottab  P  rtpra* 
aoM  loaalta  sbtaltad  far  aaif^laa  of  BjO  aleoa.  Tba  otbar  polota  c«  a 
0^n)  a~«w  (i*«  raaolta  ^w  ataplaa  eMtaiaint  tba  aooo  aooiiot  of  B^, 
but  oltb  dlffaraot  amaaote  of  Ip  addad.  Tlaa  polota  ao  Cba  looor  aoda 
aorrna  ft,  R,  aad  I  laprasaai  ratu'.ta  for  aaapiaa  aada  frao  praaleaaiy 
odaad  BpO  aad  B;;  M  Utsaa  corma  'bora  sra  aa  polata  abieb  rapnasat 
tatal  abatrauoo  daa  to  alana. 

o'  b«rm«  K  aad  B  aorraapaadlaf  bo  bldfi  aqolialaot  ps*a> 
coroa  art  aodttad  fro*  tba  ruora  for  poipaaai  of  wU<iy.  If  aorroo 
B  tod  B  bad  baoo  aataaaad  to  bl(a"  ataaaaroa  tbaa  aooid  ba  toaod  to  bt 
oitbla  *Jt  of  tbo  tolaa  of  total  aba^rpUoe  asps  a  tat  frao  aa  aatrapolo* 
tlao  to  larpar  ataoibar  eaecMtratto'w  baaod  ao  taraaa  p,  0  aod  B. 

la  a  paoora-  .•-r»«a*  rf  ••opaa  of  vbo  earaas  oit*  lo- 
«io*olag.<y  blpb  pTMaasra,  lots^Uoa  a  d»r*a»a  la  tbo  dofoadatb.-c 


% 


cvnf'MiiX  •*•  i'j»»  ..i^»or^r  fror ‘entrmtiof . 


totoi  alioorvl-ioo  oQ  equiinlsnt  pressure.  This  "satumtlon  phnoomoon' 
can  be  explained  on  the  baeia  of  the  chanKe  in  Una  shape  vlth  prassnm*. 

As  the  pressure  increases,  the  half-width  or  a  spectral  line  increases 
and  the  absorption  coefficient  k(v)  increases  In  the  wings  and  decreases 
near  the  center  of  the  line.  For  piessures  eufflclontly  high  that  the 
line  half-width  ii'  approxloataly  equal  to  the  spauiog  d  between  the  Unas, 
the  fine  structure  of  a  band  dlsalnlshes  and  further  Increases  la  prtasure 
have  but  little  effect  on  total  absorption.  Goody  S!id  Wnmell'’^  have 
shown  that  the  half  -width  ot  ■  d  for  II2O  at  a  pressure  of  approxi¬ 
mately  “tlOO  am  Hg  (t.*'  ataospheres),  where  a  and  d  are  neoessarlly 
averaged  over  the  entire  be-'d.  '3ne  would  therefore  not  expect  the  total 
•■bsorptlon  to  change  appreciably  with  pressure  In  the  hlgher-  preeiure 
ranges  used  In  the  present  study. 

It  is  seen  from  Fig.  12  that  the  value  of  P.  above  which  the  tntei 
ibsorptlon  iuuiwapaw  uuly  all^tly  with  increasing  pressure  Is  greatar 
for  larger  values  of  absorber  concentration  than  for  eoallsr  values. 

In  the  case  of  large  w,  ilie  decrease  of  k(v}  .cear  the  Hus  centers  which 
occurs  with  Increaeli^  ptessura  dues  not  appruelsbly  <*eoreese  the  ab¬ 
sorption  A'(v)  at  these  frequencies  since  k(v)a.le  aULL annslsatly 
large  that  the  absorption  remains  ataentlaily  completa  at  the  Una  centers. 
Bovever,  in  the  case  of  small  w.  a  lower  preeeure  P,  Is  sufficient  to 
reduce  k(y)v  near  the  Hoe  center-  to  a  value  such  that  the  deertawe  In 
absorption  near  the  line  centeiw  with  laoraaslng  press'ire  is  approalmataXy 
the  saao  as  tie  Increase  in  absorption  la  the  wings  of  the  Uas.  Tbere 
It  thsivfute  Uttls  or  no  oat  increase  in  total  abeorptloa  with  Increas¬ 
ing  preasure. 

Curves  J  through  0  have  approxiibUly  the  sess  slope  for  values  of 
preeeure  below  200  m  Ig.  He  elopse  of  an)  of  the  eurveela  this  xaglaa 
hare  a  maxlaus  value  of  approzimataly  0.}8  and  an  avarags  of  approsiaabsly 

O. 37.  Hus  ir.  Is  posslbls  to  sxprtss  ths  total  absorption  as  soas  func¬ 

tion  of  ths  sbsoiber  coacantratl on  w  tlmss  P,''*”  for  valuta  w  sad  F 
rspressnted  by  thsse  curves.  ~  ~  * 

That  ‘.h«  variation  of  the  total  abuorptlon  with  ehaafss  la  w  aed 

P,  bscoMS  vnry  slight  for  large  values  of  v  and  P,  Is  Illustrated  by 
the  crowding  cf  the  ourvee  In  the  upper  rl|jit>haad  aoruar  of  Fig.  12. 

This  result  It  due  to  the  fact  tha:.  k'v)»  »  1  for  most  frequsnels: 
within  the  bend,  end  hence  the  total  ataorptlen  as  given  by  5q.  (6), 
ohaagss  very  elc-.-ly  as  w  aud  f,  ohangi.  laapeetina  af  the  spaetia  of 
samples  with  large  w  aaS  P.  such  as  those  la  Pigs.  10  aad  U,  wtlsh  are 
lepreteuted  by  tbs  points  la  the  uppsr  right  portion  of  Fig.  12,  rteeala 
that  absoiptloa  Is  complsta  osar  ths  band  centsr  and  that  tha  grewth  af 
tbs  baud  with  lactwaslng  w  aad  P,  Is  eUght  and  oevure  ta  the  wlags. 

Xu  Fig.  O  arc  five  curves  rsiatiag  ths  total  abscrptl-vc  to  the 
equivalent  pressure,  ttie  curves  of  Pig.  i;  art  dirfereat  firaa  these  wf 
Fig.  12  In  tbht  those  la  Pig.  1)  do  correspood  to  cocataht  eal.^  of 
abAorbsr  oonaantrattoa.  Curves  A,  B,  and  C  oorietpoai  to  aMsyles  of 
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rt|.  1).  tbf  tout  aiworvuan  ’'T  e«- 1  fjO  band 

vanaa  a^vitvalaat  frattuia  for  aaa^iaa  aHoaa 

r-wax'r^r  vOocatiLiaLioo  anp  r'vfortionai 
to  Uw  a^u!«aLCr.’  |»•a•al«. 
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VjO  aioM  la  tba  absorptloD  call,  and  ihe  abcorber  eaoMBtiAtian  v  l.i 
^nfore  proportloaaJ  to  Ilie  ratio  of  *  to  P,  for  tiM  tbrM  o».  ■’»a 
1*  dlffsrtDt  bacaua*  of  tba  liffarant  call  jatb  laa^^tbi.  C«rt«  S  oottb- 
■aonda  to  lavplct  eaopoaad  of  •  Blxtore  of  one  part  I2O  to  alaa 
(t/  TolvBt),  aal  B  eorreapoada  to  a  nlxtura  of  one  part  InO  to  V9  parU 
>2.  Tor  fiurvaa  D  aod  E,  v  la  alao  proportional  to  P,  aa  for  ourvaa 
A,  B,  and  C,  but  tba  tvo  quantltlaa  ara  relatad  bp  a  diffarant  propor- 
tloaalitjr  eonatant  at  a  raault  of  tba  diffarant  dilution  with  1^. 

Plgura  13  contalna  polnta  eorraapoadlnii  to  aavatal  of  ttaa  aa^laa  rtpra- 
aantad  In  Pig.  12  aa  wall  aa  aaeaial  otlMr  aaavlaa  whleb  art  not  rapra- 
aartad  la  Pie.  12  baeauaa  thap  do  sot  balong  to  a  group  of  aaaplaa  baa¬ 
ing  tba  aaaa  Talua  of  v. 

flM  alopaa  of  eurraa  A,  B,  and  C  art  aean  to  daeraaao,  aa  In  tba 
eaaa  of  tba  oujnraa  of  Pig.  12 I  for  large  ealuaa  of  v  and  P^.  Tbla 
'aatun&loa*,  of  count,  occur#  foi  aaallai  praaauna  for  Uw  lou^r 
patiU  alnct  tba  raluaa  of  «  art  graatarj  tlw  aaaiaia  raluaa  of  a  art  not 
auffleiaatlf  largo  to'pruduea  aatuiatloo  Is  i-nrrat  S  and  B.  ~ 

It  la  Bobad  that  eunaa  B,  C,  D,  and  B  of  Fig.  13  hata  ragtoaa 
ableb  art  appreslaataljr  Uaaar  orar  a  lat^ar  vida  lanaa  at  mlaaa  af 
agalaalaat  praaaura  gnatar  tfcaa  10  m  Bg.  Tba  liaaar  pM'Uuaa  af  tbaaa 
earraa  baaa  alopaa  of  approxlaatalr  ahleh  la  aaaaldaiablp  paatar 
than  tba  tlopa  of  tbo  Uaaar  ragioaa  of  tba  earaaa  la  Pig.  12.  tha  1»> 
eraaaa  la  aXopa  la,  of  eoana,  dua  la  tta  fOat  ttwt  a  loKTaataa  attb  P, 
la  iba  eunaa  of  Pig.  1},  abanaa  a  la  oaaabaat  far  aaah  atraa  af  Pig.  Hi 
Iba  tlopa  af  0.91  ladleabaa  that,  far  tha  mlaaa  af  a  tad  P,  oaaaiad  by 
tba  Uaiar  partloa  of  tbaaa  eurma, 

/I{*>d*  •  e  a*  P,*  (ft) 


atara  a  #  a  ■  0.91  tad  a  la  a  eoaataat.  It  aaa  eboaa  la  tba  dlaaaaalaa 
af  Pig.  12  that  tba  total  abaoipttoa  la  praportloaal  to  P.^'^^omr  a 
aoaaldaiabla  raita  of  mlaao  of  v  aad  P,.  Ihio  raoalt  tadlaataa  that 
tba  ooaataat  a  daflaad  Uaadiataly  abom  agaala  0.5T,  aad  a  tkaraftaa 
a^it  approUmUiy  O.fA.  It  vlU  ba  tbaaa  la  tba  dlaaaaalaa  af  Pig.  lb 
ttei  tba  to*at  aetorrUoa  la,  la  fact,  appraalBatalp  prnpafUaaal  ba 
«°ob  e«ar  tba  tana  laaae  of  mlaaa  af  a  aad  P,  aa  ara  rapaaaaatad  bp 
tba  Uaear  porttoaa  of  tba  surma  of  Pig.  12  aad  11. 

It  la  noted  Uai  tU  aXwpaa  of  earma  B.  C.  D  aad  B  af  Pig.  I) 
daeraaaa  tornrd  X.Mar  mlaaa  of  P,,  far  P,  Xmo  than  appragUNtal/ 

XC  Ml  Ig.  Ibla  dacreata  la  al<apa  loaard  laaar  pratauiaa  aanmt  ba 
plntaad  oa  tba  baala  of  a  baad  aaaalatlag  af  Uaaa  baal^  tba  lAraatt 
eaapa  glma  bp  Bg.  1.  tba  dacrsaaa  la  al^  la  aUrtbutad  to  Bepfdar 
broadaalug  of  tba  Uaaa.  •tatlnr  4trl?*ior«  frr«  tba  *«paetad  babavtar 
or  a  baad  re^oaad  af  Xoraatt  Ua‘e,*are  obaarmd  bp  Ooedp  aad  Woiwll** 
la  a  etadp  or  tba  ll£i  ud>  ea'*  B^u  taada  aad  mra  atirtbabad  ba 


Dopplftr  broai'rU.ng.  Bene<  cb  cil  biftw  HxbO  shcvTi  Uio  ^onb-'Xbu* 

tion  of  Dopplci  uiXii'.lealnK  i.o  U:9  ubsorptioa  oi  a  line  or  nand  CKccaen 
important  at  pressures  less  than  approxloately  10  ns  Hg,  causing  the 
absorption  to  be  larger  than  expected  fron  the  U>rentz  theory,  niase 
results  are  co.ifiined  In  the  present  study. 

There  are  also  indications  of  a  decrease  la  the  slopes  of  a  fev 
of  the  C'lnres  la  Fig.  10  at  values  of  F,  less  than  approxiaately  10  mt  He- 
However,  theae  curves  In-lude  only  a  fev  points  at  lover  pressures ,  and 
any  explanation  of  the  effects  of  Dopplei'  'uixjadenlng  baaed  on  these 
curves  alone  would  hardly  be  conclusive. 

In  order  to  Ulustrat*  the  dependence  cf  total  absorption  upon 
absorber  vonoeutratlon  v,  values  wre  taken  froa  Flee.  1^  aM  15  and 
plotted  on  a  logarlthalc  acale  In  Fig.  It.  Each  curve  eorresiuads  to  a 
constan-  value  of  cy.it •■•"rer.t  pressure  IcoUcated  in  n.-der  froa  top  to 
botto*.  Froa  the  curves  of  Ftg.  It  It  Is  possible  to  deteralni  the 
total  absorption  of  any  sasqile  for  which  the  values  of  absorner  crawen< 
tratlon  and  equivalent  preseurs  fSU  within  the  rmage  covered.  For 
sasiplts  having  values  of  equivalent  pressure  which  lie  between  values 
eorrespoadiog  to  the  curves.  It  Is  poe«lhle  to  laterpo.ate.  The  points 
were  oaltted  In  order  that  readtnga  froa  the  curvae  sight  be  Mda  aora 
readily.  Each  curve  was  diawn  over  the  raage  of  absorber  eeaceatraUnas 
eovared  by  the  data. 


c.  MIS  nnxKrrr 

The  lover  perttoa  of  the  uppoitaust  curve  lu  Fig.  It  euich  cottaapeeas 
to  an  equlvaleat  preeture  of  yX30  aa  If  Is  eeea  to  be  Uatar  vita  •  el^ 
of  approxlaabely  one,  thus  Indieatlnc  •  Unaar  dependeaee  oa  «.  Tha 
linear  .1*neadtnee  oa  «  can  te  expUlned  on  the  basis  of  Eq.  (o)  for 
eecvlee  such  that  e^vTw  <<l  for  ell  frequence*,  t^c.dvr  l*.!a  cenditlon 
Eq.  (u)  een  be  wrtttea  as 


j«;v>dv  •  .  (6') 

ebervyaivMv  te  the  band  tn'jeiwlty. 

The  cr.Tvdlt.;on  k(v}w  »  1  is  attalaed  by  feeeplaa  w  very  saall  vlth 
F,  sufftetenii/  Urge  so  Uat  kfv)  Is  eaall,  even  aear  the  eeatera  of 
the  sivctral  llaae.  The  coaddtlcn  of  larce  F,  aad  saall  w  are  eertefied 
for  the  Uaear  ragloa  of  the  top  riurw  ta  FI;.  It.  Frca  Iq  (&'  )  th* 
llaeer  dspeaSenee  n«  w  U  nbviniM,  end  !*  1:  zpp«.t.,t  that  tbs  value  of 
Utc  q>ianttty  /ii(v)dv  eaa  be  deveialoed  grapbt^el.'/  froa  the  ebeorpttoa 
■;w»ve«  vf  seatdev  rvyieeented  by  the  linear  prvTict  c.*  *t»  eur.a. 


At  the  Intercej’t  of  Ue  upperxoat  eupe  or  Fig.  lU  vlth  tie  o^URate 
**!•)/ A^vMv  -  0.5'.  end  w  •  2  x  1C‘^  ataos  c».  SubuMtutlOi.  :f 
theae  vaivMa  Into  t'q.  (b* )  ylelda  a  value  of 


jt<(eMv  •  IB50  ataoa'^  cm~^  (23) 

for  the  band  Intensity  of  the  222t  ca'^  N^O  band. 

The  wlue  of  /'k(v)dv  given  by  E.},  (35)  can  be  roapired  to  valviea  of 
thia  quantity  which  harv  been  pubitabed  by  other  uorkare.  'Rie  reaulta 
of  three  other  wurkere  are  aa  fcUor.a. 


k(v}dw  In  ataoa*'-  ca'^ 

ttiomdlke  and  Welle^^ 

1M7 

Calloaaa,  NeKeaa  aad  Ihaapaou'-' 

1617 

Kggera  and  Crawford^^ 

165  f 

Jo  onUt  U  flad  tha  walue  of^v( 

•  Ue  \y  the  aothod  aaployad  la  tha 

(ireaeut  atuAy,  the  appro«laatloa  that  ktv)w  «  1  for  all  a  auet  ha  valid, 
a  requlreaaat  t*iek  la  aatiaflad  by  aaall  valwaa  of  v  aai  valuaa  of  F 
•ufr..Maetiy  large  a«  that  h{e)  It  fahll,  eveu  near  The  •entara  af  tti 
Utaa.  Uadar  thaea  oaadlUwaa  the  Ilaaa  or  tha  haad  are  aald  ta  be 
‘eeavlahaly  Vraadeaed*  and  tha  total  «aeorpt.\ei>  la  tadepender.t  of  praa- 
aiire. 

Without  data  whleh  laalada  aameleatly  wide  raagaa  of  «  aad  P,  It 
la  dlffleult  to  be  aura  that  the  eeadltloae  of  aoall  «  aid  larga  Fg  are 
auffleleatly  well  aatiaflad  ao  that  the  approalaatloe~h( v V  «  1  la 
valid.  R«bi  queattne  be*  arlaea  eoaeerelag  the  reaulta  of  Therediba 
aad  Mella,  vAleh  eare  aaaUeaad  abo'^e,  with  ragard  W  Ula  afpraAaaUoa^^  1 
l««ever.  Ir.  tha  pieaaat  atudy  aufflaleut  data  are  available  vhteh  iadl> 
cate  that  tha  arf^'etiMtlon  1«  Indeed  valid 

the  ;«rt-haad  fortloaa  of  Ut  u|gar  three  eurvae,  uhleh  oorreayood 
fc  *•'>!##  of  F,  >  F50  Ml  Id,  eonmrga.  therefoie  oat  eeaaluAee  that 
for  tba  i«lua  of* «  •  9  1  Ifr*  oa  uaod  to  ealeelata yk(e)t*,  >he 
value  »•  i’  •  aa  ■<  uaad  eaa  aafflelaatly  largo  ao  yrodece  oon^lata 

hratdaalM- 

Iho  Tegulieeeat  that  «  be  eaoll  la  ay^teaUy  tauefiod  alaee  the 
l.,a(er  partloa  ef  the  upper*' rurue  af  P»g.  la  (a  Ueear  with  a  elope  of 
vory  BBorly  uoltx.  It  therefore  eoaia  that  the  oeeereey  of  the  value 
gtvea  by  Ig.  (91}  iepoade  aerr  ea  tha  occuieey  elth  which  ih*  •joetra 
ueie  BMaured  oad  the  occaracy  to  which  w  «>•  detoratael  rather  tMr.  «a 
•he  'TaUdlty  of  the  ofyraaUaUeo  ttat  hTwV  <C  1. 


Ihfi  spectra  which  corresrnne  to  the  portion  of  the  cur"/*  ir^  Fig-  -t 
froB  which  the  reitdlng  vus  oakeu  were  recoraed  with  the  ordloatc  sci.l..' 
expended  by  a  fhetor  of  ten.  Three  epectra  were  obtained  for  each  aaaple 
and  the  average  wan  uaed.  The  abort  absorption  cell  (l.5t)  on)  vae  used 
In  order  to  produce  snail  values  of  absorber  concentration  w  without 
using  extremely  small  partial  pressuieh  of  N^O.  tn  order  to  Improve 
the  accuracy  of  detennlnlng  v,  the  HjO  was  admitted  to  the  cell  In  the 
fom  cf  a  mixture  of  HjO  and'’!l2.  This  procedure  mac  It  possible  to 
deal  with  pressures  eufflelently  large  that  they  could  be  measured  with 
greater  accuracy.  Consideration  of  the  total  absorption  neasurements 
indicatec  that  the  vuiuo  of^  (v)  dv  gl'ton  by  (2;)  It  accurate  to 
tlO^. 


D.  EMPUUCAL  EQUATtOMS:  UIGTATIOB 

The  curveii  ..  f  Fig.  1*  are  seen  to  converge  at  the  lowast  and  highest 
vaivf**  of  w,  bui.  the  five  l-jwtr  curvas  era  •a»»rly  lisenr  and  parallel 
ovar  «  vide  range  uf  v  near  tiro  eentere  of  the  curves,  lha  slope  of  the 
llaear  purtlc-vs  of  thie  corvee  wee  found  tu  uo  approzleately  O.5J,  thus 
Indicating  that  the  total  ahaorptlon  le  y.'oportlooal  to  w^‘51.  The 
range  of  taliter,  ,  :  w  and  P,  for  which  /*(»)dv  Is  proportional  to  w'^’S.' 

It  approxlaattly  the  teas  as  the  range  for  which  /A(vV.v  was  found  to 
bs  propertioaai  to  P^'^OY  la  the  dlteussloa  of  Pig.  12.  For  wlues  of 
w  and  P^  which  trr  rspieseatea  by  the  Unatr  portions  of  ths  curves  of 
Tigs,  li  tad  Ih.  ttasts  reaultt  ladleats  Uiat 

jA(v)d*  •  8  a"  "  F,''--’  •  s[wP,®-Y]  .  (2b) 

where  c  Is  a  eoastaat.  lbs  leeult  in  £;.  (jw)  i«  seen  to  be  li>  goud 
agraaeart  with  R.).  (7i;),  which  Is  baaed  00  Pig.  1^.  It  is  recallsd  that 
the  curves  of  ftg.  ij  art  based  oa  data  obtalmcd  from  samples  of  “2?  . 

aloaa  sad  saa^law  of  1.0  amt  ■;  lAleb  were  aimed  before  being  lativditeed 
Vo  th*  'ci'  Ket  of  the  eurree  of  Pigs.  12  aa^  lb  ere  saaad  oa  data 
obtained  .‘.-va  ssmplss  foiasd  by  addiag  to  the  abeorptloa  ceil  after 

the  IjO  bad  been  introduced.  The  gned  agreement  betamea  the  tesulla  of 
Pig.  I*  sad  these  of  Plg».  Is  amd  lb  tbarsfore  Indioatea  that  etiy 
little  error  la  sempUag  was  tntroSuecd  la  the  prceess  of  adding  •?  to 
tee  eemflev. 

Pram  Plge  IS,  1>.  wnd  lb  iw  U  sacD  *bnt  s  very  enmples  funettoe 
would  be  legutred  *0  tclate  the  total  abeoipUwa  to  w  amd  P,  fbr  aU 
valvatn  cf  thaae  parameUie.  devaial  aivarlvatsn  kirt  teaosodad  la 
esiag  .'tmplc  axpiesalona.  tut  Uieee  were  oaly  valid  for  Usd  ten  vniue: 
of  w  Ssd  r^,  aa  Ic  the  ease  or  1^.  (2b). 

Id  Um  JM  report,  two  dirrcieat  typoo  of  o^uatloas  wore  eaed.  A 
'weak  fit"  equatloa  cf  ti*  font 


vas  uaed  for  snail  values  of  total  absorjitlou,  and  a  ''i>>.iuug  fit"  of 
tbs  fom 


”  ^  n  log  V  +  K  log  Pg 


(26) 


was  used  for  larger  values  of  total  absr.ptlon  al)o\'e  a  certain  value 
sailed  a  detcmialng  value. 

Values  for  the  constAid"  c,  k,  c,  D,  and  K  es  veil  as  the  detenalu- 
Ing  value  vere  chosen  for  each  band  to  give  the  best  fit  vlth  the  data. 
SiiuatlouB  (e?)  and  (26)  were  inteiideil  only  as  eaplrical  eiuatious  witn 
the  constants  having  no  particular  physical  or  theoretical  significance. 
Since  the  data  preaen+ed  in  the  neeeent  report  cover  Bush  elder  ranges 
of  both  V  and  P,  than  those  severed  by  H9f,  It  Is  of  Interest  to  use 
these  new  data  to  detaialne  the  regions  for  which  situations  of  the  fora 
given  by  (?5}  and  (26)  are  valid.  It  is  of  etual  Interest  to  deaonstrata 
the  shorUcoalngs  of  such  esplrical  equatloas  and  to  point  out  tne  danger 
involved  In  unlng  then  to  extrapolate  to  values  of  v  and  Pg  not  included 
by  the  data  fro*  vhi  'h  they  were  derived.  ” 

Equation  (2U)  indisates  that  tun  total  “b'-'^tlon  Is  s  function 
of  the  product  vPg^-f,  at  Ic.tst  for  certain  valuas  of  v  and  F«.  In 
ordei  tu  check  the  usefulnaat  of  a  function  of  ?or  all  the  data 

ubtiinad  and  to  lllustrau  Itv.  d«flct«uulc-..i  this  curves  uf  Fig.  1^  have 
been  d.'swn.  Each  curve  corresponds  to  a  given  value  of  as  lodlcaud. 
The  polats  shown  In  Mg.  I'b  do  not  rwpressnt  actual  s.vplesi  but  corre* 
spond  to  valuer  taken  froa  the  curves  of  Figs.  12  and  1^.  Since  each 

curve  corresponds  to  a  giver,  veiue  uf  equlvulent  pressure  It  has  tha 

seas  shape  as  the  corresponding  curve  In  FI.;.  Ik,  but  the  relative  poal- 
ilona  of  the  curvet  ere  shifted  along  the  ebeclssa.  Boat  of  the  curves 

war*  o't  extended  over  the  full  range  since  several  curves  would  he  so 

»in«»  •  *"  rc*  V.  11: rT.:< chcblc.  h'tbeugh  the  csaslctc  curves  vere 

not  Included,  all  the  colnl.i.  were  Inrludei  and  indicate  •here  the  curves 
wru^d  oscui'. 

If  the  total  abrorptloft  were  a  fiuictlon  were  a  function  of  iir’y  the 
produst  vPc^' '  for  all  vn'ucs  of  w  and  1'^,  Ui«  uurvuu  uf  Fig.  1$  would 
all  ooluelda.  It  lu  not  surprising  tnat  Uie  curve  ccrrespondlng  to 
r,  *  }000  aa  )tg  occurs  veil  to  the  right  nf  the  others  siaee  the  fine 
ctructura  of  ll>«  hood  Is  .starly  saoothed  out  at  this  high  prassura  sad 
the  effects  of  increasing  the  pressure  ai*  eaail  aa  indicated  Id  Fig.  13. 

It  la  IntriTitlne  to  noU'  ‘hot.  t.hs  rin-vr«  correspnndj ag  to  <  250 
SM  Hg  occur  relatively  elosw  tognthar  for  val  wa  nf  wP„0.7  greater  than 
approxlaately  0.;  («tsH>a  ca)  (sa  Rm)”''.  a  racult  iodinattag  that,  near 


k5 


.V 


l.lilB  -reglou  or  vaiuej  c?  v  iiad  ‘'g  the  tot-l  absorption  could  be  apj.'."-d.- 
aie.tod  u  ''-Li:oi,iua  i.r  .  Tne  ourvs  correeponding  to  760  tat  Bg 

also  converges  with  the  lover  pressure  curves  for  values  of  vPg^'7 
greater  than  approxlaately  3,  but  this  curve  fall*  definitely  below  the 
others  for  smaller  vai-e*  of 


Tue  lower  portions  of  the  ciirves  dlverge>  with  the  curves  for 
higher  pressures  and  lover  absorber  concentration  failing  belov  the 
cunes  for  lover  pressure  and  higher  values  of  absorb-*'*  concentration. 
This  result  Is  expected  on  the  basis  of  the  lover  curves  of  Fig.  12, 
for  which  the  value  of  absorber  concentration  is  small  and  the  Increase 
in  total  absorption  with  Increasing  pressure  Is  slight. 

points  corresponding  to  all  the  values  of  Pg  except  3000  am  Hg 
occur  close  U'jgetuer  lu  Ute  laoht.r  iiat  upper  portion  of  the  curses  of 
ng.  IS.  It  should  be  noted  that  the  closeness  of  these  points  does 
not  necessarily  indicate  that  the  values  of  the  exponent  (0.7)  to  which 
?•  is  railed  has  been  determined  aceuxatelj  for  the  vmluea  of  v  and  Pg 
rapreeented  by  these  points.  Since  a  chan^  In  the  exponent  would  cause 
only  a  relative  horlxontal  shifting  of  the  eurree  of  Pig.  13,  the  value 
of  the  exponent  could  be  changed  considerably  without  appreciably  alters 
log  tbe  ordinates  of  the  rather  flat  portions  of  the  curves. 

Ihe  upper  portion  of  the  cur/e  corresponding  to  10  mm  Eg  nrosees 
the  eums  of  hli^er  preeeure  (except  3000  h  Ig)  end  falls  below  them. 
This  Indicatst  that  for  these  points  the  «)q;«Baat  of  Pg  should  be  som* 
what  greater  than  0.7.  Thus,  one  coaeludet  that  0.7  Is  low  for  seas 
val'MS  of  v  and  and  too  large  for  others,  but  it  le  a  namlnal  value 
which  can  ^  used  eatlefaetorl ly  over  rather  vide  rangei  without  Intro* 
duelng  serious  error. 

Prem  Pig.  1$,  It  le  a  eli^la  Mtter  to  determine  graphically  ecM 
■lapis  empirical  funetlone  of  the  product  vPg^-t,  and  to  datemlne  the 
valued  of  V  end  P,  for  which  each  function  Is  valid. 

Ihe  alddle  |)orUor.d  cf  these  curves  which  ere  nearly  Unsar  can  he 
represented  by  the  following  equation; 


for 

and 


jA(v)dy  «  i9.0  w|^P,°*J°’’' 
10  < JaIyHy  <  ‘•.5  em'^, 

IC  <  Pg  <  230  M  Eg  . 


(37) 


Equation  (37)  Is  Uw  eaai  ex  (?h)  vxcept  the  cunstaat  c  of  (Ph) 
has  been  evaluated  from  the  curv*'i  ei  fig.  IS  and  euhetituted  <nto  tbe 
latter  equatlnm. 


For  largar  of  total  absorptfun  Lha  following  equation,  vtlo's 

ii  liallar  to  the  etroig  fit  (26)  of  SBU,  haH  been  derived. 


|A(v)dv  «  15  ♦  UO  log 
U5  <  jA(v)dv  <  120  ea*^, 


10  <  I',  <  760  I 


Valuec  of  total  abeorptlon  caloulated  by  uae  of  Kqa.  (27)  and  (26) 
ere  believed  to  be  aecunte  to  approxlwteiy  t  10^. 

Severel  Inveatlgetora  have  used  function*  of  wP,*  to  repi*i*nt 
data  vhlch  iatludtd  values  of  v  sad  P,  tovcring  auch  saallar  raagsa 
than  la  the  preaeat  atedy.  Iherefora,  the  Ualtattsos  cf  the  use  of 
such  fuaetloaa  ear*  aot  llluattetad  ao  vividly  ae  la  the  pieaaat  etudy, 
It  etoald  be  eaphaalted  that  ea^lrtcal  equatlC'Aa  itvotviac  a  funstloa 
of  wPn*  eaaaot  be  uaed  for  aaall  valuae  of  «/P,  or  far  htfh  pfesaare*. 
It  1*,  therefore,  eucgeated  that  cautloa  ahoull  be  uaed  when  applylag 
the  equatlooB  Uatad  lu  the  nt  report  to  aaaple*  that  are  Mailer  thaa 
thoee  froa  lAleh  the  equation*  were  d*rlv*d. 


CQMajtiM  or  mtr.Tii  tttui  tnr 

iwocnoa  mm  or  tmmn 


It  1*  teeaUad  fraa  deeUM  XI  that  for  eerlata  valeae  of  v  aad  P 
the  etreag-i'wi  apvroAaatioa  of  the  tl*a***r  baad  aadal  1*  valid  aad 
the  total  ebeerptlea  t*  a  ^4>etioa  of  vP,.  loMyr,  it  baa  baee  aheee 
ie  tha  pyevtoea  oeetioa  that  a  feacUoa  of  vp,^**  fit*  tfe*  Iltt  m*^ 

SgO  data  o<v*r  rather  eld*  teagM  of  vale**  of  tha  partMtar*.  It  !■ 
therefor*  of  lataieet  to  ahow  tha  rtUUoiahlp  h*tee*a  the  total  aboorip' 
ttoo  of  the  PPft  ea*^  1^0  baad  and  the  prodeet  «P^. 

la  order  to  ehM  thlo  teloU'vwhiir  gropaieat^r,  «ae  loperltho  rf 
The  total  abe^rptloo  va*  p>«*t»4  tn  Pip.  lA  aMlaet  th*  loMrltha  of 
fur  th*  dlffereot  preaaur**  tadltoted.  Tba  patata  ohewa  la  Pt«.  16 
da  aot  eorraapMd  to  aaaplaa  aeteally  Mooerod,  hot  to  Mleaa  tabor  fra* 
th*  eerv**  of  Plga-  18  **<  >7-  Dr  thi*  »ro>*Har*  It  oaa  poaatVla  to 
ohbala  aeta  of  potato  ahieb  .erreapoad  to  a  ittea  vale*  of  P^  aa  eaa 
4*M  for  flge.  lb  aad  Iv.  ttaeo  oacb  eervt  eurreapna le  v,  ■  glvra  valaa 
of  aqetvalaat  preaeor*,  tt  haa  tha  ata*  ahap*  aa  *.t>e  tarroapoallao  tenet 
la  Fti*.  lb  a«d  1>,  bet  tha  nlatlve  paalilee*  of  th*  tenet  ere  rhlfted 
alone  abacitaa. 

Tha  dtfr*raet  cervaa  cerra*pi>aala«  to  vale**  ^r  p,  <  s  dp 
oacer  vary  eiaoo  together  1*  to*  r*alo«  tomepeedieg  tc'ePp  gyeetar 


i.hfin  approxlcately  300  alno<s  cm  x  sa  Dg.  'ftila  renult  that  !t 

le  pojBlbV  to  relate  the  total  abborptlon  to  the  variable  wP^  fot  tJ  • 
valuee  '>.*■  w  r.nil  Fg  vhloh  era  Invo'vril.  Ifm/eva' ,  t.?,!a  rvj.tilt  <■  nrfm.. 
what  Inconeliial  ve,  xlnee  It  vaa  ahovn  In  Fig.  19  that  t:ie  total  ahaorp* 
lion  of  aaspleu  Involving  the  onae  vnluea  nf  w  and  P,,  could  alao  te  re¬ 
lated  to  lae  variable  In  the  dla^UbbToii  <>f  Ktg.  I5  It  wao  pointed 

out  that  for  there  eanpien  the  abrorptlon  la  nearly  cocplete,  and  that 
the  total  abaorptlon  of  the  band  Increaaeo  only  oUghtly  with  in'reaa- 
Ing  u  or  P^.  The  tulul  absorption  can  therefore  be  catlcfactorlly  re¬ 
lated  to  a  function  of  wP^*,  and  the  value  of  the  exponent  a  ran  be 
varied  conalderably. 

The  curvea  are  acpamted  cooBlderably  for  valuea  of  w  and  P^  for 
which  the  abaorptlon  Is  atlll  Increaalng  with  either  v  or~ P^.  Ttala  re> 

factor!  I y  related  to  the  nlevte  yarluV.I -•  !l"wev»r>  It  jS  Of  interest 

t-o  look  In  pui  Llcular  at  the  legluna  of  uie  curvea  of  Fig.  I6  tot  whlcfa 
the  atrong-llne  approximation  would  be  valid  If  the  abaorptlon  band  being 
dludled  could  in  fcot  be  represented  by  an  Elsasscr  band. 

'Rie  reglona  of  the  curvea  which  are  to  be  inveatlgated  can  be  de¬ 
termined  from  curvea  and  equations  given  by  Plaea9  for  the  region  of 
validity  of  the  strong-line  approximation  for  an  Elsasner  band.  Before 
the  present  data,  which  are  given  In  terma  of  the  paromeiera  w  and  P^, 
can  be  compared  to  the  tlicoretical  predlo Ilona,  It  Is  necassa'^  to  re¬ 
late  w  and  P,.  to  the  dtswnalonlesa  quantities  x  and  B  vhleo  serve  oe 
the  variables  In  the  theoretical  equations. 

As  Indicated  In  Ccctloo  17,  the  quantity  x  la  eiveii  Vy 


X  ■ 


8v  . 
Tiv*  ’ 


(29) 


the  parameter  0  la  given  by 


b  -  £5:  f^O) 

d 

where  d  In  the  frequency  aepciratlcn  of  adjacent  ahsorptlca  lines.  For 
a  given  band,  0  la  proportional  to  a,  which  in  turn  is  proportlmial  to 
Pq  (Eq.  l4);  tberelora  it  la  ueetBaary  to  rind  the  constant  relating 
the  two  quantities  0  and  P^.  The  value  of  the  proportionality  constant 
can  be  detezmlned  by  using  values  of  a  and  d  for  an  N'tO  band,  taken  from 
an  article  by  Qcod^  and  Wumell^^  mentlcnod  previously.  The  value  used 
fui  il  waa  O.Cv  cm"-i  ana  i«  was  nnoiTBcd  to  be  proportional  to  P-  ana 
equal  to  o.’?  cs'l  at  a  oreaauro  of  one  atmosphere.  Tbciefcns'jt  can  be 
Ehcvr  -  1  cc-vcpi.-.’-  Ic  T..  -  . 


0  -  ?^/6Q0 


(31 


/ 
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when*  1'^  lu  exfiresaeJ  In  am  Hir. 

bv  uflliu’  K.i.  I  '  i  ;  aiu!  anplylne  rhe  rrivil  t  I r.np  in»»fi  l.» 
the  vnltdlty  uf  me  etiong-lliie  approitantlon  of  an  Rleeveer  tend.  It 
ta  possible  to  detemlne  renions  of  the  sjrves  of  Klg.  1^  ow'r  vhleh 
one  would  etpect  the  total  absorption  to  be  a  nmction  of  the  earlntte 
wP^,  ac;:urate  to  i51l* 

For  exaaple,  for  P..  <  2‘;o  am  Hg,  the  total  absorj.tt in  te  a  r»i»w- 
tloii  of  wPp  accurate  for  values  of/A(v)dw  greater  than  approsi- 

ontely  60  ca*'.  and  the  relative  error  should  decrease  aa  the  total  ab> 
vcrptlun  Increases.  At  the  value  of  wP,  for  which  the  curve  of  fig.  16 
correeponllng  te  250  mi  Rg  gives  a  value  of  /A[a)ir  equal  to  60  ca*’^, 
the  curve  correep.^nding  to  10  ne  Bg  reada  approxlaatclf  carl.  Thus 
It  Is  seen  that  the  total  ausorption  cannot  be  retresented.  with  an 
aceuiacy  of  Sti  ae  a  function  of  the  single  vsrishle  wP^  ror  »he 
•jT  w  ».jd  pir  by  liie  Elsasser  tend  aodel.  The  error  ie  eeen  to 

be  aore  nearly  20%  than  Similar  deviations  from  the  predicted 
stronu-llne  dr,:«ridenee  were  found  other  ve.ltes  cf 

As  Just  indlceU-dj  the  dependence  of  the  total  absorption  of  this 
tend  on  w  and  cannot  be  described  by  a  simple  Elsasser  tend,  sod  can 
be  described  by  a  uisple  empirical  equation  only  over  limited  rSAgma  of 
Pg  and  w-  Bowever,  the  total  absorption  could  possibly  te  dsscrlted  la 
terms  of  a  "random  Elaaaser  modal”  mads  up  of  two  or  more  Klsssssr  tends 
of  different  Intensities.  Su:b  an  snslysls  of  the  9.6p  otoss  bemd  hss 
been  made  by  riacB9. 

From  the  previous  discussion  It  can  be  eonsluded  that  the  wotsl 
ohsc.v'-lor.  of  tue  cef!*  cti' ^  R^O  band  Is  loss  deper.leut  upon  ?.  Ihao 
w  fo.'  essentially  all  values  of  w  and  P,.  This  Is  In  contrast  to  sa 
Elsasser  band  for  which  the  Btiong-Une  approxlsstion  Is  valid  over  a 
considerable  rangeof  values  of  w  and  P^,  and  the  total  absorption  has 
the  saaie  dependence  on  both  w  ana  P^. 

The  low  dependence  upon  preaaure  ae  cosipared  with  an  Elsaaaar  land 
can  be  explained,  quelitatlvely  at  least,  frosi  the  fact  that  ths  spectral 
Itr.'-;  sre  .wt  all  of  uqual  li-'/unslty  f  ue  OvOUBad  for  an  Elsasser  wstsl. 
Much  Of  the  tend  where  the  lines  are  weak,  for  which  (8)  Is  spproxl- 
aately  valid,  and  where  the  effect  of  Increasing  praseure  Is  small  white 
the  arrect  of  incrsastng  abeorter  eoncent.iatlon  Is  large.  Unlesa  all 
the  lines  of  the  band  are  strong,  the  effect  •'F  *—*— •?!■•- 
vl''l  always  he  less  ttvin  the  effeul  vf  liMirwaslng  ateurter  concentration, 
which  la  the  result  ub^iarvel  In  the  present  study. 


T  FURTHER  'ffiSTS  OF  EISASSER  MOTEL; 

ABSCLETTIOH  AT  H-MAX.  AND  P-MAX. 

Since  It  !•>  prooaBle  ttnt  tne  absorption  by  vean  ilnea  in  tut  vlrgs 
of  the  band  contributaa  to  the  deviation  of  the  total  absorption  font 
a  strong- Line  dependence.  It  Is  of  Interest  to  investigate  the  absorp¬ 
tion  A(v)  at  the  frequencies  of  BaxlauB  absorption  in  tee  R-  and  r-branches, 
where  the  strong-line  approxlsiatlon  sight  be  eipeeted  to  apply.  These 
two  frequencies  will  hereafter  be  referred  to  es  P-r«''.  and  n.«ar,  respec¬ 
tively. 

The  mjor  portion  oi  te*-  absorption  obaervad  at  thasa  fraquanelef 
arises  froa  the  spectral  lines  whose  ce.-.Urs  o-icur  within  the  spectral 
Interval  passed  by  the  speetroaeter.  If  ona  could  aas\sss  that  all  the 
lines  In  this  interval  ware  evenly  spaced  and  had  tea  teas  half-width 
ana  line  sti'ength,  one  would  expect  that  for  a  certain  range  of  valuet 
or  V  th-  shsorptiAo  Show  strong- line  dependence  pre 

dieted  by  an  Eliaeeer  aodel.  However,  It  waa  aantloued  above  that  the 
•peotml  region  under  Inveetlgatlon  conUine  weak  bands  as  wall  as  tbs 
strong  fundsBsntsl  band.  Therefore  a  portion  of  the  -beurptloa  oheervod 
at  frequencies  of  paak  absorption  is  due  to  waak  Unes  whose  centers 
occur  wltolii  the  spectral  Interval  of  the  epeetroaeter.  The  affect  of 
these  weak  lines  would  be  to  cause  tee  observed  absoipUon  to  oavtate 
sonewbat  froa  tb-  etrcug-lliM  dependence. 

Thsre  Is  also  e  contribution  to  the  abs-ontlon  by  the  wings  of  spec¬ 
tral  11ms  wliowe  cwnUru  eseur  outside  the  spsetrel  Interval  passed  by 
ths  spectromter.  However,  as  uns  disousaed  la  Seettea  11  la  eouieotlea 
with  ths  strc7)g-Mrw  apprcoilBatlea,  the  sbeorptlea  by  the  wtags  ei  a  llae 
haa  a  strong-line  lepsndenee.  Therefore,  the  ebeorptton  by  Miws  whoee 
centers  ai«  outside  the  spectral  Interval  pad**d  by  ths  apectrcaster 
would  act  be  expsctsd  to  cavss  the  obeer«ed  afaeorptloa  to  deviate  Trm 
tire  .'.•.ronf  line  depervlenee. 

The  veluss  of  th"  abvorptiCB  A(L'-'‘>i.'  ce'*)  a,ul  A(3$l}  ee"l),  the 
frequenetes  corresponding  te  R-eax.  anl  .’-eex.,  raspeetlvely,  have  beea 
tabulated  for  each  ape-'-rue  ir  Table  2.  The  frvqueae:'  bf  the  regloae 
of  mrlenin  sbeo-y*lon  sMferel  vs.-y  -HreeW  ss  ehspe  of  *Kre  band 
changed  for  dlffeient  values  of  v  end  F.,  but  im  difference  between  the 
sbxIb'jb  sbiorptlou  and  teat  et  tee  two  rrsquanolee  listed  le  vet/  slight, 
since  the  slope  of  the  nbsori'tlon  curves  le  saall  toer  these  freqeeeeiea. 
8o«e  of  tee  aeeorptleo  curves,  euch  at  thoe*  la  fig.  t.  do  aot  have  eeo 
distinct  abn-.retinn  snviswi,  *>.r  f..,  su7e  cpectre  the  value  cf  pereeat 
absorption  was  osatursd  at  the  two  frequeDolea  designated. 

The  valvMS  cf  abeorptloB  A(?T>iO  ee'M  of  eewral  of  the  aegples  art 
nlotted  am1n"t  th—  -..nl vel.--*  ..w ,inre  In  Fig.  It-  Fech  “urv*  ceyrespceds 
te  a  given  value  of  w  as  Indicated,  with  “x'e'  eorrvnpoadiag  te  caNplse 
cf  RjO  aJnns  and  the  dote  eorieepoisiln*  te  aseplee  having  N;  aulea  tu 
ttc  B^C.  The  currea  hnv  te-  .->ier  gensrel  rsAturos  c-;  Uioss  la  Fig.  12, 


peix«nt  abconitton  at  -G  ver.as 

.  i>  ent  presbjrc  for  f  .ai  lrs  oaxinc  .or 
•“  »•  r*'  .i«cibeT  r-entra.ion. 


ill  w''iii-h  i.:.f  aL.aur7’:'.oa  was  plot,l,ed  af^iufb  The  aiope*  oi 

the  curvea  derreae^*  at  hlg!;  ''-irii'mlci'.t  fresE'drt  Ujc  ;urvej 

iOC4  eoaorption  ^or  large  vainee  of  v  and  P,.  Several  of 
the  cU'.'vea  have  portlona  for  U>  an  Hg  <  P^  <  200  bb  Bg  tdileb  are  nearly 
linear  and  approxlaately  parallel.  Hie  slope  of  these  portions  of  the 
curves  is  approxlaately  O.al,  ]  Ucatlng  that  the  absorption  Is  propor¬ 
tional  to  PgO.!*l.  It  1b  noted  that  the  Pg®’  dependence  le  slgnlfleaotly 
leas  than  the  P^^'*  ^  dependence  vhlch  Is  associated  with  the  veil-known 
square-root  approxlnstlon. 

'Rirre  seens  to  be  a  slight  dcc.cea*  in  Ih:  slope  of  curras  K  end  L 
at  equivalent  prsssurea  lees  thsut  eix  or  eight  m  Bg;  this  decreaee  in 
Slope  probably  corresponds  to  additional  absorption  resulting  froB 
>jppler  broadening. 

Tu«  a'lwoiyliun  k\  ?>'»<>  o*--)  »»  M-branch  narte^a  vas  plotted  la 
Pig.  16  a^nst  P,  for  the  saaplaa  for  which  total  abeoxptlon  is  plotted 
In  Pie.  1).  These  coxes  differ  froB  thoee  la  Pig.  la  that  aaeh 
curve  iP  Pig.  lb  does  not  eorraepiM  to  a  ^vaa  ealua  of  w,  hut  w  in¬ 
creases  la  proportica  to  P,.  Tn  aaeh  saaple  w  Is  proportloaat  to  P., 
but  the  ratio  v/Pe  is  sBaller  for  the  saaple  reprasentstd  hy  aaeh  cMeesstwe 
curve.  Curves  B>  d,  0,  and  £  are  seen  to  have  nearlp  Uaaar  portlooa  of 
slopes  approrlaately  0.92,  with  decreeslng  slope  for  larger  val>jeo  uf  P, 
for  which  9verUp>iag  of  the  Ueee  heeoaee  slgBlfleaat.  linear  Mr- 
tloae  of  the  curves  a»egast  that  the  asaorptloh  is  proporUoanl  to  r 
Pe**  where  the  .’un  of  the  txponseU  •  and  a  Is  a^roxleately  O.JC.  Bda 
result  Is  u>  he  eca^ated  with  the  predleVad  sguare-reot  regloa  o«ur  whteh 
th^.  absoritloa  la  pmportlooal  *»ereskaa  la  alepa  of 

C'trees  B,  C,  h,  and  (  at  praacure*  helnw  ■§  Sg  Iv  usrfcubtedly  ihas 
to  Oappler  broadealTtg,  aa  tn  the  cut-waa  of  tovtl  abaoiptlna  la  Pigs. 

12  and  I). 

At  Stated  eerlter,  the  abaorpUon  can  M  rapreaentstd  ay  the  single 
varteble  wP,  for  vcluee  of  w  and  P  for  vhXeh  the  strong-Uae  approslaa- 
tioe  ir  valid.  In  order  to~ ahow  the  dependence  of  the  obtsrvad  abeorp- 
tion  Ob  the  varteble  wP,,  veluea  of  ahaorptlen  Ai^zec  eM't)  were  taken 
froB  the  eurvea  of  Plea.  17  and  18  aad  plotted  as  «  f>mriton  of  wP^  In 
Pig.  19,  vtere  each  curve  conespoads  to  a  glvM  velut  of  egalvoleat 
r'v*»'ire  The  fiWcrst  -r  these  curvai  are  slaller  Ui  Uaiee  of  Pig.  J» 
tn  which  the  nrdtnate  repreavnts  t-  al  v.-eorptlon  te'he-  thaa  perue.;t 
aUoipct/o  at  a  flnid  rn^^’mwty.  VeUdlty  of  tht  atrohg-Uiss  aigrsxlBai- 
tlon  woultl,  cf  course,  be  rtpresentsu  t»  Pla.  19  by  a  eoiaeideare  or  tha 
curves  ooneapowUng  to  the  different  >re«e>i*»a.  Ac  la  the  eaee  of  Pig. 

which  Is  estlUar  except  that  totol  abeorptloa  le  plotted  na  tha 
onliMto,  Mi  of  the  corvee  correepoeAiag  tc  higher  praeeurea  oeeur 
to  the  right  of  and  lelow  the  corvee  correepnadleg  iMr  prevvures. 

Ihe  curves  eolrespoedlBg  to  lower  preaacxea  tehd  to  cooverge  for  laeips 
vnluts  of  V,  e  reeult  Itdlcettng  tbat  fur  thaet  velues  of  w  ar.l  P^  the 
tcre!  ebverptloe  c.H  be  e-yr-sced  by  a  ilroay->lne  epdrcxlanUon. 


lb«  three  curvee  correepondln^t  tr>  vnli'es  of  Pf,  equal  to  10,  20, 
and  If)  Ig  contain  portlow  Al;*  .;r  nearly  .  r.mlEht  v<*,h  a  s'spn 
vhwaa  '.alua  la  ai pi-uxlaately  0. 5u>  Irla  reeult  correapocoa  to  toe 
well-kne<m  aquare-root  deptuJauue  on  u;  however,  It  is  apparent  fres 
thaee  curvea  that  the  dependsnse  on  la  lest  than  aquart-root  alnea 
the  eurraa  correaponding  to  hlaher  preaanre*  >;eur  to  tic  rig**'  thoee 
coiraapoadloj  to  lower  preeaurea.  It  in  aUn  recalled  froa  the  dia> 
cuaalon  of  17  that  the  naxlaia  dependence  on  la  only  approxl* 
aataly 

It  la  noted  that  the  w0'30p^0.'sl  jependene*  which  la  found  froa 
FlC, .  17  and  19  la  eonelatant  with  tha  reault  of  fig.  l8,  which  Indicated 
that  tha  ataorptlon  waa  proportional  to  w*  P,»  wbare  a  t  n  ■  0.92. 

Curves  alallar  to  thosa  in  flga.  17,  18,  and  19  were  drawn  for  tha 
ahaorptlon  A(221*  the  fiequeucy  uurreapoadlag  to  eaviaiA  ataeoT^ 

tlon  In  Ua  F-hmneh.  lha  features  of  tha  eurwa  of  fig.  20  are  alallar 
to  tha  eorreapoadiag  curves  of  fig.  17;  tha  slope  of  the  straight  pro- 
Uoae  or  tha  eurvas  of  fig.  20  la  aperoxlaataly  0.38,  which  la  slightly 
last  than  tha  valua  O.tl  ottalnad  in  ng.  17.  This  result  ladleatac 
that  the  aailatfi  dependence  on  praaeure  la  slightly  lees  for  the  peak 
aheorptt.'.o  In  the  P-hran-.u  thau  lu  the  r.'branch. 

IV  curvea  of  ng.  ci  are  also  tlailar  to  tte  eurvea  of  tha  eorra- 
•poadlag  fig.  l9  which  repreeeuta  tha  A<tra»et  ahaorptlon.  IV  elopa* 
of  the  straight  porttoiM  of  the  curves  in  figs.  l8  and  21  are  aasenUally 
tv  eaM,  0.92.  Slallarly,  tv  featuiee  of  tV  eurwaa  of  fig.  22  are 
ilka  thoae  of  fig.  t?;  howo  ar,  the  slope  of  ‘he  rtialgbt  pomeaa  of 
tv  ourvee  of  ftg.  22  seew  to  V  slightly  greater  (O.v  iMtead  of 
0.30},  although  thta  avail  dlffereaea  ta  Vrdly  atvUneaat. 

flgarea  19  and  22  iaiUcavs  hat  the  ehaorpttou  can  be  repreaentad 
by  tha  atrong'Uv  approagwUoa  naly  fer  isvall  vaiuaa  '•■T  %  sad  very 
large  valuee  of  w.  for  evaller  veluea  of  w  such  that  tha  aVoipttoa  la 
praperttnaal  Vo  the  dapeadeace  oa  P*  Ta  algal flMatly  lass,  and 
tv  stroag-Una  approalMVlua  la  iw  l.iagar  valid.  It  la  of  latareet  ie 
coOTare  tV  cumea  of  flga.  Id  and  27  with  thaoretleal  leaulU  Vaad  oa 
ea  1  laaaeer  haul  la  vha  »aai  aaaoar  aa  eaa  dooa  with  <V  eurvea  of 
Fig.  16.  It  wea  poaalbl*  to  aaxa  autb  a  ^aapartaon  by  a«tuiali%  the  re* 
laUvaahip  Vtweea  0  end  F,  eVv  <1.  e,vea  by  Cq.  (tl)  sad  applying  tV 
eoaditloaa  gives  by  Flasa?  for  the  vaUdlty  of  the  atrorg*llaa  apprcadl* 
aauoa. 

for  SMpla,  If  r«  <  13c  aai  Sg,  U.«  ahaurpUua  uf  aa  hrasavr  baad 
saa  V  ejq>reaaed  M  a  fsaettee  nf  wf«  vlthla  for  vaJuet  of  aVor^ 
ttoa  greater  thaa  apptvxlaataly  ><4-  !>-  e^oparlng  thle  with  tV  eurvea 

cf  .'Ig.  19,  it  is  fi^uhd  that  U«*  h\2;it»v  a'-)  equals  aypreaU 

aately  bsj|  aq  p^  .  g^  mr  •>«  aaaa  talus  of  wf*  which  gives  a 

value  of  '/C4  abaorpUta  on  the  1C  aa  be  curve.  Th‘>t  'v  an  at«*ived 

re.Ative  uiiTeivw.;e  »•  aa  coararve  wlta  tae  value  of  tf  baaed  oa 
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the  Elesseer  sodei.  Slnliar  readJ.ngs  froB  the  curves  of  fig.  22  which 
lepreient  >(221J  csi"^)  indicate  an  even  g;-eater  deviation  from  the  pre- 
dictei  vnlicc. 


If  Pg  Is  restricted  to  lover  values,  such  as  100  am  Bg  or  lees, 

Plass°  has  shove  that  theory  based  on  the  Elcasser  model  predicts  t^t 
the  stroDg-llue  appiuzlaatlon  Is  accurate  to  for  absorption  greater 
than  approxlaately  20^.  Inspection  of  Fig.  19  shows  that  t>era  Is 
approxlaately  20^  relative  difference  between  the  leadings  of  the  two 
curves  corresponding  to  10  sb  Hg  and  IOC  ca  Hg  In  the  region  where 
A(?2U0  cB'^)  equals  apprcxlBataly  20)1. 

On  the  basis  of  these  eoaparlsons  ic  can  be  concluded  that  the 
absorptlot,  at  freauencles  of  aaslaua  ah«c.ptloo  In  the  P-  and  R-brMches 
eauitoi  be  accurately  represented  by  a  s t.*OM- line  appro .clBati on.  it 
seeas  IsproW^le  that  an  error  In  the  value  of  the  conatMt  relatl ng 
to  S  In  (!i)  could  account  for  the  deviation  cf  tl.f  obrsrvel  results 
froa  the  predicted  behsrler.  It  can  be  thown  thst  If  the  conetaat  la 
Cq.  (31)  were  In  error  by  at  aueh  as  a  factor  of  two,  the  data  would 
still  show  davlatlon  froa  ths  strong-Uns  approxlaatloa  for  eaaller 
values  of  h.  than  those  predicted. 

It  Is  of  Interest  to  compere  the  results  of  Figs.  19  aM  22,  which 
deal  with  absorption  A(v)  at  certain  frequencies,  with  three  pf  »tg.  16 
which  deals  with  total  abtorptloii,^(w}dvj  th*  curves  represeotiag  ah- 
sorpUvM  approNch  a  very  daflnlbe  upper  Halt  of  lOO^-  But  the  eurvee 
representing  «.oui  absorption  tend  tu  lodicete  a  umall  Incrsaee  with 
lacreatlhg  waiuee  of  w,  for  even  the  Urger  eavplee,  te  e  reetut  of  the 
euetlButag  growth  la  Ihs  wlagi  uf  the  heed.  The  eurvee  which  eerreepeed 
to  the  lower  vn'uee  »*  hU  three  of  thee*  flguree  ell  een- 

tala  portions  which  are  nearly  etralgbt  with  elofoe  of  epnroslaataly 
0.5.  n>ue,  the  total  atsofpt?oa  ae  well  ae  perceut  of  abeorpUoa  la- 
treaass  apprv«iaa^.olj  as  Ihe  square  t>i..t  of  rteerter  coacehtrauiaa  ^or 
uertala  rays  uf  valwes  w  anA  i'e.  ^latlar  eoaparieoB  0/  Ww.  ii. 
TTTTSr  PC  ladlcatoB  that  the  aaals)^  depaodeaee  on  P^  la  mot  greatly 
different  for  total  eba<  rptloa  than  for  pereeat  abaorptloa.  Ihe  wiAaiBi 
deBeateoee  e'  total  sbeorptloo  o«  f,  was  feja^to  be  eyproalnately 
whMe  n  .,f  e^O.Hl  ,.j  f  O.tg  ^  ffsserrtl  far  the 

ebsorptlon  at  B>aaa.  and  P-eas.  <'e«r*cttwely. 

It  was  auggettod  eeriler  that  Uw  abaorptloa  by  eeoh  llaea  la  tha 
wlags  af  the  baad  might  be  oov  ->2  the  feeler*  accovatlng  for  the  fbet 
that  too  total  eoeorptioa  aie  aot  (bow  a  equare'root  depeegeaee  on  P  . 
Icwewer,  It  le  eeea  thnt  the  abaorpbton  el  iUaas.  aad  PHsaa. ,  whitb  to 
uaaffected  by  abeovpttm  in  the  wlag*  of  laa  baeg,  ebowd  oaly  a  ellgtttly 
greatar  depeiidaaee  oa  P,  than  did  the  iota?  ebeorpUoa.  I*  la  ooeelblo, 
thevefnre,  tnnt  !».•  'hl'.iii*  ef  either  cf  thete  quantities,  peresat  aV- 
eorptlea  or  total  absorptlo-  to  eshlbtt  stvoi^l^M  proptrtle*  It  ic* 
largely  !*»  Uo  weak  bnnd«  whirh  a“w  r-cy^rlercrcd  u..  *->■»  strong  .*.fcelseaa«al 
* 


fO 


By  coaaldarlnf  U\«  dlfftrcnc*  MtVMn  tb«  tromh  of  VMk  ll9«a  Wid 
th«  srcwth  -'f  :i-.-  vi-ir.  l.“rci=i=;  ,.-.:3lUv 

fxv*  a  fuaxitativa  eaplacatloo  of  tha  graaUy  dlffaraat  ahapat  of  tho  ab> 
torptloo  currei  afaoint  In  tae  rl^tt-iiaail  portico  of  Fi^.  t. 

It  has  hem  shews  that  tha  abaorplioo  at  P-box-  and  F-aax.  boa  a 
rathar  larga  dapaaltace  oo  ?•  ovar  f.drly  wlda  rangaa  of  valuta  of  v  aad 
Bo-  It  la  tberefora  poaalbla  for  a  eaa^lr  of  low  abaorbar  eoaeaotiatlaa 
aad  hl«b  praaaura  to  product  graatar  abaorptloo  than  a  aaapla  of  MCh 
graatar  abaorbar  coa'^aatratloa  but  low  praaaura.  Itla  la  tl«  eaaa  for 
thr  apaetra  1a  Fig.  Ki  tba  aaapla  bavlog  tba  aaallar  walaa  of  abaorbar 
cceeastratloe  asd  hlgter  praaaura  abewa  graatar  abaorptloa  at  b-oax.  aad 
F-aax.  tbaa  doaa  tba  tai^t  of  largar  ahtorSiCr  coaeastratloa  a<^  lowar 
praaaura.  Bowaver.  tba  lloaa  tc  tba  wloga  -f  tba  baad  art  aieb  Trabtr 
aad  grow  let*  rapidly  wltb  tocraaaiag  praaaura  Tba  abacrptloa  la  tba 
■  uig*  of  tba  aaad  l*  therarora  lata  f:r  thr  aaopla  haviag  th*  •aallar 
valua  of  abaorbar  eoaeaotratl.iu,  la  apita  of  lia  blgbar  praaaura. 


tl.  ua  fUMMORli.  dm  FlBbT  OVBlTOab 

■dBar  Of  cdSBca  Mabcxai 

A.  m  ab)  ca-i  00  BAB 

lUgaottaF^^  tdaatlflad  CO  aa  a  paraabaat  anwapbarte  eaaaUBaaat 
froa  aalar  apa^ra  ebUlaad  at  Coluabua.  Obto;  a«al  itrarul  Uaaatldatara, 
lACluiUaig  (fcaw”,  baaa  alaca  aada  atudlaa  of  tbt  CO  eabtaat  U  tba 
aaaoapbara  aad  fowad  a  eoacaatraUra  uf  appraailBatai*  A-l  atana  ea  par  atr 
aaaa.  Qaa  air  aaaa  la  aa  atiMapbarle  path  eoiataUUg  tba  aaaa  awMt  af 
air  at  a  vartleal  patt  tbrougb  tba  aatlra  ataaapbara. 

1b«  fttadaaaata?.  b«ad  of  CO  rrurt  aear  tba  *.  U  tba 

atanapbarlr  viadow  wUeb  liar  bautaaa  U»a  tlru^  9)J0  ob*^  OQu  luwid  aMl 
Ua  1)9$  baad.  Iba  aajor  portioa  of  tba  abaorptloa  By  00  la 

tbit  tpavVral  rugtaa  la  |«a  to  tb*  fVotaaMtal  Tlbratlaa-rotatloa  baad 
or  tba  cjaeaca  lawtopt  C**(>*«.  otaar  laotaple  baada  occur  U  tbla  ^actral 
ragUo.  at  4n  vao  liuode  »*•  <«>ry  w»\k  for  taa^ra  at 

rooa  taapiirutura.  U  tba  praaaat  rapart  all  tbaa*  abaarpUou  baada  «o> 
(otbor  art  rtftrrod  w  at  jjgi  flV  *  ^  C*  band. 

Agproxlaately  140  apaetra  af  tb<  ;»  Usd  wara  obtalbtd  U  tbe  praaaat 
atudy  b>  urlag  the  apajU««ator  alwag  vita  alaorpUaa  eaiit 

af  laagtba  i.Jv,  eaa  *00  ca.  Blfftraot  eobbibaUaab  of  00  a^.% 

wara  ua*4  t>  prvwida  valwao  af  aVoc'^r  raaean  traUaa  ftroa  p.i  a  10*^  to 
t;.^  kUa<a  c«  aad  total  prttturat  froa  oppi oaioataly  }  to  )000  aa  Bg. 

tyaeljwta  of  a  largo  auabar  of  ubaarrUoa  nu-rct  ara  tbawa  la  ftga. 
t*ara  tbay  agfaar  la  graupa.  Ibt  valtNo  of  aboattor  eaaaaatra- 
Uo«  «  sad  agui valent  preaawm  P,  af  taa  xa^la  i  urreapondlAg  to  aaaa 
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■pectrum  appear  vlth  each  ({^oup.  All  the  spectia  were  obtained  vlth 
Uic  a*^  «peetroi>*ter  ellt  vldth,  vhlr*'  corresponded  to  anprosl»:a '*1  ly 


All  of  the  data  for  the  211»3  ^0  houd  Included  Jn  the  prsaent 

report  are  collected  in  bble  1*.  Tn*  ahaorher  concentration  w  and 
equlemlent  pressure  P,  for  each  easple  are  shovn.  The  value  of  the 
equivalent  pressure  vas  calculated  froa  the  total  pressure  P  and 
the  CO  partial  pressure  p  by  the  equstlon 


Pj  -  P  t  O.CCp, 


(52) 


in  arcordnanre  vlth  Eq.  (lU)  and  Table  1< 

Included  In  Able  H  are  the  values  of  total  band  abtoiptlouy\(*)dv 
along  vlth  tha  observed  percent  of  abeorptioos  A(&11£  ea'^)  and  A(2166  ca*^) 
oorreapoodlng  In  good  approxlaatlon  to  the  ahtorp'don  aaxlMi  In  tha  P- 
and  P-branehee  of  the  band,  reepeetlvely. 

Ikny  of  tha  total  absorption  data  listed  In  Ihbla  4  art  plotted  la 
Pig.  50  vlth  the  total  abaorptloa  preaentad  ae  a  funetloa  of  tha  aqulva. 
lent  preiaure.  Each  curve  eorreipondi  to  a  given  value  of  eheorber 
coaeeatratloa  and  shove  the  effect  of  laereaelng  the  total  preesure  by 
adding  Rp.  Curvet  T,  0i  Bi  and  I  eoirespoad  to  values  of  ebsoi^r  eoa- 
eentratlon  vtdeb  oenur  In  the  sane  range  ae  the  valuee  eorreepoadlng 
to  eurves  Bi  C,  D«  end  I*  Iheee  tvo  sete  of  curvet  represent  •a^)le■ 
vhleh  vert  obtained  by  using  tvo  absciptlon  eella  of  quite  different 
length  nad  vlth  qiUta  different  vnluet  of  CO  pnrtlal  preesure.  Rinne 
these  tvo  eeta  of  eurvas  repratent  npproalnntely  the  seae  rsnga  of 
values  of  ahaorber  concentration i  It  le  poaelble  to  ecapara  the  total 
absorption  of  a  eeaple  tn  the  6.5;‘eB  call  vlth  thst  of  a  eeapla  la  the 
hoo-ea  call  vhleh  has  the  ssae,  or  nearly  the  eaas,  values  of  v  and  P,. 

Such  noaparlioaa  can  be  seen  to  Indlnsta  that  the  raaulta  are  oooalstent 
to  epproxtaately  15^. 

The  general  features  of  the  eurwr  of  ng.  JO  ere  tha  seas  ea  those 
uf  tha  corresponding  eurves  for  tho  2P2h  ea*^  loO  band  vhinb  were  shewn 
In  Pig.  12.  The  variation  of  the  total  absorption  vlth  changes  In  v 
and  F.  baecass  very  slight  for  large  values  of  v  and  P,.  Ihla  insult 
Is  llluatratad  by  tbs  erovdlng  of  tha  nurws  in~th«  uiptr  rlght-haad 
eumar,  and  is  due  to  tha  fact  that  k(v)v  1  for  aoat  frequsnclea 
within  tbs  land,  and  ths  total  abaorptlon  changta  slnwly. 

Iters  is  a  gsaaral  decrease  of  tha  slope  of  the  eurves  towards 
hlgaer  praaaurss  as  a  result  of  the  change  la  the  shape  of  the  epectial 
Unae  vhleh  vaa  described  In  oonaeotlon  vlth  Pig.  12.  However,  the  de> 
ornasv  Ik  slope  If  less  pronounced  for  the  CO  curves  In  Pig.  jn  Ussu 
for  the  HgO  curves  In  Pig.  12;  this  result  uan  be  explained  by  the  fart 
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tbit  the  quantity  p  =  um/d  la  less  for  GO  than  for  BpO  at  the  eaae 
pressure.  By  using  an  average  value  of  >1  “  ’1.8  cB*^  and  a  -  0.08  cb"^ 
reported  by  3hav^9  ai  a  P,  of  760  n  Hg,  It  Is  easily  shovn  that  a  ■  1 
lorrciponis  to  c.-.unl  npp:ozl=nte’.y  ;.750  an  Hg.  It  is  reoni;!^' 
that  for  0  u  ?  for  ?p  equal  to  apprortaately  bOO  bi  Ug.  'Ihe  dipens- 
anee  of  total  abenrptlou  on  therefore  starts  decreasing  at  a  saaller 
value  of  Pg  for  the  NpO  band  than  for  the  CO  hand.  Therefoia  tba  structure 
or  the  GO  band  would  be  lesa  "sBcare  “  than  tuai  of  the  KpO  band  at  the 
BXiaui  values  of  P,  used  Is  the  present  study. 

Several  of  ths  curvea  of  F'g.  30  contain  portions  which  srs  Marly 
straight  and  parallel  each  ether.  The  slope  of  the  etralght  portions 
of  thsse  curves  is  approslBata ly  O.Ut.  lUs  result  Indicates  that  the 
total  abaorptlon  It  proportional  to  for  saaplss  whose  values  of 

Pg  and  V  are  within  the  range  repreeented  by  the  etralght  portlona  of 
the  eurrac. 

In  rig.  31  are  three  curves  relating  the  total  absorption  to  ths 
equivalent  pmteure.  The  curves  of  Pig.  31  are  dlffaraat  fioa  those 
of  rig.  30  in  that  thoee  in  rig.  3I  do  not  eorreepoad  to  eoMtaat  vsU.mc 
of  aheorber  cuncentratlon.  The  curves  of  ng.  31  eorrsspohd  to  taa^lss 
of  CO  alone  in  the  abaorptlon  eell,  and  the  abeorber  eoneantiatlon  «  Is 
therefore  proportional  to  Pg.  ~ 

Tfaa  faaturee  of  rig.  Jl  are  elBllar  to  the  eorraapondlBg  ng.  1} 
for  the  i32k  ea*!'  IpO  bead.  Ibara  le  a  aaeraaaa  la  the  alope  of  curve 
A  at  lov  preatures  as  a  reeult  of  DuppXer  broatk-ilag,  sad  at  large 
values  of  «  and  Pg  as  absorptloB  beensws  Marly  ooB^lste.  Iks  eurrts 
of  ng.  31~haM  straight  portl-.''*  with  h  slope  of  tpprcslahtsly  O.96. 
for  values  of  v  and  Fg  represeniwi  by  the  straight  portloM  of  ths 
eurves,  tM  taiCal  abaorpt.toi.  la  tbarsfere  proportleahl  to  w*Pg‘  vtksrs 
a  e  n  •  1.78.  It  wa*  sUoua  pravlously  In  the  ilstussltu  of  rig.  )0 
that  ths  total  ahsorptlOii  was  proportloMl  to  Pg"’^.  Therefore  a  ■  O.th, 
and  a  >  O.9O  -  O.ts  ■  :.5t.  It  1«  aeeor^nalv  to  be  eiqpeetsd  that  the 
toUl  eseui-iiUuu  Is  proportloMl  to  v^’'**Pg"'^.  This  result  is  eoo- 
flraed  below  In  ths  discuss!  >0  of  ng.  33,  where  the  raugse  of  veluec 
of  w  tad  Pg  for  which  thxe  sl^lc  relatloMhlp  Is  valid  will  bo  daUralMd. 

In  order  to  deteralM  ths  dspeoilsuuc  uf  Uital  sbsoiptlon  upon  ab¬ 
sorber  caeMhtiatloa  w,  valMs  were  taken  fre*  ng.  3f>  had  31  aad  plotted 
la  ng.  32,  la  which  ^h  curve  corresponda  to  a  coMtaol  valua  of  equlva- 
loot  praasurt  aa  lulleated  la  ordar  trm  top  to  bottoa. 

lower  pnrUoa  of  the  uppeiwot  curve,  which  •'orresponds  to  Oh 
equivalent  pteceure  of  3O6C  ■§  Ig,  Is  llaohr  with  s  slope  of  apfroaeately 
1.  Proa  this  portion  of  ths  curve  it  is  possible  to  deteralM  dlrseily 
the  valua  or  tte  band  intsMlty  J’k(y)dv  Is  ths  oaaa  naaMr  aa  was  doM 
roT  tha  2ZA  ca**'  >2^  band. 
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Hm  v«1u«  dlt«Alrad  for  th*  cm'1  CO  lAiid  !• 


k(f)il*  ■  26c  ewr^  ,  (W) 


Bill  vaiue,  wbleb  la  b«Il«')*d  to  ^  aeeuiat*  to  vlthln  ilv^i  e*B 
b«  eonaraJ  to  tha  nalua  of  217  at»oa“-^  em~^  Tejortrd  by  Psaner  ind 
Vabar^^  ,  aad  apparaatly  (tot  eorraetad  to  SIP.  If  tha  (aluaa  of  «  In 
Fla.  ^  had  not  haan  eorractad  to  atandard  taapaiatura,  a  aalua  of 
JV(v)lv  ■  235  ataoa'^  ea*^  aoiild  haaa  haaa  obtalaad.  lha  dlffhiaaea  ba- 
tMaaa  this  aalua  and  that  of  Psnaar  aad  Wabar  is  within  tha  llJdts  of 
a^rlasBtal  srror. 

Proa  tbs  curwa  of  Fig.  32  It  is  posslbls  to  dstaialna  tha  total 
abaorptlcn  of  a*y  saapis  wtioaa  vaios*  or  aosortar  ooBcantratlm  and 
s^ulwaisat  nrsssura  fau  vithln  tho  eowarsd.  Icwawar,  it  la  poasi* 

l-la  to  dsrlva  aaplrleal  aqtatluta  which  ralats  total  absorption  to  tha 
paiaaatara  w  aad  P*  aad  aaka  tt  posslbls  to  sstlaata  total  abaorptloo 
vlthoot  tha~usa  of  tha  ciirwas  of  Pig.  JS. 

ItM  euTTSa  of  Pig.  a  eoawrfs  at  tha  lowast  aad  hlghast  waluaa  of 
w,  but  tha  flwa  lowar  eurwas  ars  caarly  liasar  aad  paiallal  owar  a  wlda 
raags  of  w  soar  tha  esBta<a  of  tat  turves.  Tha  slops  of  tha  Uaaar  por- 
tlona  of  VhfO  eurvas  Is  approKlBataly  0-55i  thus  lBdleatli«  that  tha 
total  ahsorptloa  la  proportional  to  lha  lasga  of  waluas  of  w 

and  Pg  for  which  /A(v)dv  is  proportional  to  w^‘$$  la  approalaatsly  tha 
saM  as  tha  mags  for  which  JX(*)dv  wan  found  to  bs  oropovtioaal  to 
In  tha  dlsaunaloa  o'  Pin.  11  It  mm  sumostad  that  tha  total 
abnorpUoa  was  proporilaanl  to  w^-^*  Tb*  va'>tas  of  tha  agpoanat 

of  w  which  wars  darlwad  fron  two  dlffaraat  oats  of  surwas  aia  eeaslstaat 
wttila  tha  Uidta  of  aipsrtnoatal  error.  Iho  ewnas  of  Pig.  tl  eertaspood 
only  to  saaplas  of  cci  aloaa,  whlla  tha  eurvas  of  Pig.  ys  nra  baaad  on 
aa^las  of  CO  aloan  as  wall  as  anaiplas  of  CO  stad  with 

Slnea-  for  vivitaln  varas  of  v  and  Pg>  tha  total  ahsorptloa  la  pro* 
portlcaal  to  w®*'?  P,0-^  •  It  ts  of  latsraat  to  lavsaU* 

gats  tha  raagi  of  walwsa  of  w  aad  Pg  for  Mhl'-b  tha  total  ahsorptloa 
alght  ba  agprttaad  as  a  fwanliia  of  vPg®'®.  In  order  to  chock  tha  poaat- 
hlUty  of  uslag  such  0  fuactloo  aad  to  lliuatrota  tha  davlaMoon  of  tha 
data  fraa  It,  tha  eorvaa  of  Fig.  33  .'.re  plului  with  tha  total  abaort» 
tloo  v^last  tha  Turtabla  wP,''*S.  Each  c*i>a  iniriwapiiada  to  a  glwaa 
walwo  of  P,  aa  ladlcatog.  lha  potato  aav  .it  do  not  vwt'.'csat  aaUal 
(uaplaa  b^t  somapood  tv  •aluaa  t.:.k:a  fmi  th*  .'urvaa  of  Plgg.  }•)  aad  Jl. 

If  tha  total  abwcrptloa  vara  a  rmettoo  (>f  tha  product  wp,®'^  for 
all  Wiluac  w  and  Pg,  tha  curwaa  of  Pig.  33  wowld  all  oolacldt.  It 
la  aaaa  that  tEara  la  a  inthor  wl>‘a  rtgloa  over  whl^h  the  ;ur«a«  ror’^- 
apoadiag  to  Pg  <  t'-O  mm  gg  ar>:  naarty  eo«iw»<»i»t.  Pro*  pwrvn*  *♦ 
la  easy  to  sbov~ that 


for 


aod  for 


A(»M*  -  ?.?5 

'  r 

»  •'  n-»4r  < 


10  < 


A(v>i*  < 


(vr,o*8)°-55, 

*:C  ja"^  if  20  <  P, 
l»0  em-^  If  20  <  P, 


✓  'iCA 


<  760 


He  • 


Ib  tte  lower  left-hBBd  liortloo  of  rig.  3)  tho  eumes  coneapuDdlag 
to  high  praaiuree  fall  to  th«  right  of  the  currzt  curraapoBdiac  to  lovar 
pratturaa.  Thla  result  la  '‘onalatant  with  tha  reaulta  of  tha  eorraapoad- 
lae  Pig.  l;  for  the  KgO  Mnl  and  ladleatat  that  a  fuaetloa  uf  wP,^*’’ 
glee*  too  Buch  weight  to  tha  e^Bieaiaet  pieaaure.  data  eoTreapoadlag 
to  tha  ettrrrs  io  the  lower  )tft  portioo  of  tha  figure  eould  tharefora 
ha  Bare  aeconiMlor  repraacstad  by  a  fUBotloa  of  wP.,*  where  a  ie  laaa  thaa 
0.6.  la  tha  upper  right  portioa  of  Pig.  ))  the  eurwaa  eorreapoadlM  ho 
high  preeaurei  fall  to  ths  left  oft  or  above,  the  cume  eorreapoadlag 
to  low  pretaaiee.  Soae  of  the  survet  vomepcadiBe  to  lower  preaaurea 
do  aat  extead  to  tha  n^t>aae«  portlna  of  the  figure;  however,  it  ia 
eppareat  that  if  thay  ware  axtrBpolatad  thay  would  fail  balw  tha  oBreea 
eeireapoadlag  bo  hl^r  preaaurea.  lha  data  repiBaaetad  by  tha  right* 
baad  portioa  of  tte  figure  eould  thua  ba  Boro  aecuiataly  repieaaatad  by 
•  fwoftlfs  of  wPg  ,  w*>ere  *  greeter  thas  0.**. 

Jftm,  the  total  abeorptloe  uoa  ba  lopieaaatad  be  a  fuat.vcm 
wP,°‘"  cee'  cerbala  ealuaa  of  w  uet  P.,  but  aeaa  •  luaauoB  glee#  too 
auAh  weight  to  P,  for  taaplae  Savieg  largt  waluaa  of  P,  and  eaaU  walwaa 
of  V.  for  larger  mluaa  of  e  aw.‘h  a  fuacUoa  gleea  tea  Uttla  wel#t 
be  thla  labtar  rtault  eould  ba  ae«a>tad  oa  tha  boata  of  tha  i»> 
guiieBadi:  far  tha  atroag>liae  approaiaaUaB.  which  gleee  tha  total  ah- 
au/pUaa  aa  a  MBattoa  of  *P,  ead  It  vuUd  far  Urga  a  aad  aaall  P,. 

ta  ardar  to  ataw  tha  relaUaaahlp  batwwna  tha  «a>«ei  aaaoryttaB  aad 
tha  mrtable  ep,,  thaaa  paraattare  war:  plitral  la  Pig.  Jt  far  tha  dlf< 
raraet  walwaa  of  tha  praaauiaa  ladleebad.  Ower  tha  Bajor  parttaa  of 
Ptg.  3^  tha  ‘lureea  romrapoadiag  to  high  preaaurae  He  to  tha  right  af 
tha  turw  eoTTee.nedlag  to  lower  pwaeauree.  Ihte  reaalt  la,  of  eooraa, 
ta  be  ai9a»a*  aa  tha  baala  of  Pig.  33*  lawaeer,  Is  tha  upgar  righV 
hand  enrtlon  of  Pig  3*  the  w  :nM  to  o<M*.w»gy.  the  rereee  eorra- 
apaadlag  to  the  lower  pieaeuree,  20,  ho,  aed  100  M  Ig,  do  eat  wrtead 
••  (tr  to  tha  rtett  no  do  tha  cumea  tarreapeadlBg  to  tha  hl#ar  prea- 
aurea.  thaiefaro.  eot  oaa  oolr  eatlotte  wtaia  tha  >aw>pwv»»aevo  tereer 
would  attur  relative  to  tha  bt^h  pvoaaure  tureea  la  tha  rl^i-ha«l  par> 
tlaa  of  the  flfure,  but  It  enuid  tppaar  that  If  tha  low  praaeure  lariaa 
•eta  wntiupwlavad,  they  would  nearly  coaeergB  wlta  tea  aigh  preaaute 
eareee. 

CoBp'.e*.:  :uw*«ioan<e  or  tha  eumta  la  Ptg.  3^  vtauld  ladleata 
wBltdlty  of  tha  etraag'Uaa  appr>.«lBatlao.  Ob  tha  baalt  of  tha  eurwaa 
eivartaaatally  ohtalnnA..  ir  m  ba  euoil-tded  that  the  atraag-Uaa 
•wwwjao')**)  j»  «ely  t*'  'ul'^et  rf  e  62  large  itat  ihr  r-^rrtV.ta. 

af  the  baa-t  ta  aaorly  •nMp'r'a  aad  the  depeedeeoe  of  total  abearptlea 
OB  beU  e  ual  Pf  la  aoBll. 
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If  CM  li  vllUac  to  kllov  Buch  ••  110-19$  «mr.  It  li  poaribla 
to  iarlM  fitB  tlM  coi-TBB  of  rig.  y*  »am  mthar  ali^l*  eqMtlOM  b 
r«lBM  total  abacr7>tio&  w  ^9  vanabic  tei-  taluaj  cf  rio. 

IncltdBd  by  Bq.  lha  ai^lrloal  a<iaatioM  vhlth  haw  bMa  daxlMA, 

and  tba  ragioa  of  validity  for  aaeh  la  aa  fnilowa: 
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It  la  aapkaaiaad  tbat  Ua  total  abaoiytloa  of  a  altaa  mmi» 
ba  datonalaad  aaia  aeeazawly  fraa  tba  cajaM  of  Fig.  jt  tbaa  PMa 
aa^lrleal  agcallcMa,  ablafe  ara  iMlttdad  ».>  tbat  it  ba  gaoalt 

aaba  dabandaatloaa  vttba«t  tJba  aaa  cf  tba  oarMa.  tba  amdrtaal 
(5b),  ()t),  asd  (56)  ara  aaaa  to  ba  aaa^al  atar  latbar  atda  iaa«ra 
Mlaaa  of  «  aad  f,:  aad  tbay  axa  baUaaad  to  gl«a  aalaaa  of/lk(a)da 
ac«aiata  to  wltbla  tlO$  aataft  t%r  Mlwaa  of  *  aad  %  aaar  tba  Ujadta 
of  tba  ragtag  of  taUdlty,  abara/A(«)da  gt«aa  by  tba  agaaUaw  lay  «a 
la  arror  by  aa  aacb  aa  115$. 

It  la  aotag  toat  bga.  (55)  oad  ()61  bata  tba  i'm  ai^ttad  oa  tba 
baalt  of  a  atroag-^M  aggraalaaUaat  l.a.,  tba  tatal  abaarytlaa  U  a 
raaaUci  af  tba  yrodaat  baaaaar,  aaltbar  af  ibaaa  afMttaaa  aar 
■$•  (5^.'  tarraagoaba  to  tba  agaaro^raot  rataUoa,  Mbdab  abaaU  aggly 
ta  tba  .^tlal  caa*  of  tba  •trMg'Uaa  aygraatabtlaa  attt  aa  aaarlaggl^ 
ar  taa  apaatial  Uva.  Far  ‘ba  •awa-raat  aygMalMUaa  tba  batal 
abaargwoa  la  grafortleaal  ta  «^-5  aad  P,  bat  tba  aaalMl  dagtadaaaa 
aa  r,  abtkb  aoj  obtarwd  aaa  Va  aaaa  giatUtattia  aagiaaattta 

of  tba  tataUAlty  ef  tb*  agoara-riwt  ralotlaa  gt*aa  la  tba  daiaaaaloa 
af  tba  S;0  baad  aloa  aggUaa  ta  tba  ;s  ‘«aal. 

Sba  abaorvtaaa  at  b-aba.  aad  F-aaa.  baaa  baaa  laaaaUtabad  ta  a 
aaaaar  alatlar  ta  tba  aatbad  waol  f>»r  tba  baad.  Iba  aalaaa  af  «b> 
atraad  abaarattaa  A(2l4i  co'  1}  at  F-aaa  rao  a  aajar  garttaa  af  tb» 
ayactta  ara  yliKUd  la  Ftg.  55  agataat  tba  agalaaWHit  yraaaara.  Ibab 
cvraa  royraaaata  a  gt<aa  mIm  af  abaacbar  caaaaataaUaa  aa  tadtaa^. 

It  U  aatad  tbat  aaaaial  of  tba  caraaa  baaa  yartlaaa  ablab  ar*  ■»*> 
atrk:|b<  aitb  alaga  agaal  to  aygraalaataly  9  a9,  lalttaUbt  Ua*.  Iba 


psrcent  •b»orpti<m  at  2X63  :wr^  ven»ua 


abBoiTtlon  is  propcrttonal  to  P,  which  is  nearly  e^ual  to  the 
dependence  aseriotated  wl*^  the  rjaare-roo*  approxl nation.  Tie  other 
fC&%lUrC8  of  CU^TP?*  of  wi  wl  !  ^i‘  those  of  Pigs.  If'  and 

2C  which  were  descrihtd  pre'.'l«>is:y. 

Values  of  percent  ab«oTT>»i ''n  were  taken  fro*  the  eun'e’.  of  Fig.  j5 
and  plotted  in  '^g.  with  the  earlahle  wP^  as  the  abscissa.  Kach 
curve  represents  .s  given  value  of  equivalent  pressure,  and  validity  of 
the  strer.^-Une  approrleatlon  would  be  Illustrated  by  a  coincidence  of 
the  different  curves.  FotUons  of  eoae  of  the  curves  were  oaitted  fm* 
the  figure  to  avoid  overcrowding;  however,  points  weie  ineludsd  which 
Indicate  where  the  curves  would  occur  If  they  bad  been  included.  It 
la  noted  that  the  'out  upper  curvet  c.^rrespoiaulug  to  the  lower  preeaursw 
are  nearly  coincident  over  a  wide  ishse  of  values  of  the  varlsble  wP,. 
these  four  curves  also  contain  portlona  which  are  nearly  straight  with 
:i  slop*  c'  apr.ro ilaately  O.Sl.  iiulicsi-ing  a  v.--  .lependenca. 

The  results  of  these  Masursaants  van  be  coaparet!  lu  uhs  absorption 
Ai jlis  03*~)  at  f-BSX.  In  ria*  77  pluloc.  the  valuss  of  A(<:liJD 
agileat  equivalent  pressure  P^,  where  each  uurve  representa  a  ^van 
value  or  absorber  eoiicentraiioa.  the  grass  features  of  the  .'urva.  ..r 
Fla.  yi  are,  of  couree,  alaiU..  to  th<s>e  of  ri,(.  5$  which  represent  the 
abeorpttnn  at  s.sav  the  ttralga'.  p'orllsas  sf  tM  curves  of  Fig.  JT 
have  a  -1.,^  of  eppn xiaately  O.h;,  which  le  sHgbtiy  leee  than  the  value 
of  -.U  t(.  FIv.  «. 

Valuei  were  takaa  f.*v«  Fig.  }7  and  plotted  In  Ptg.  90  with  wP^  ae 
the  abeeleec.  For  the  Ijtrgeet  values  of  «F  toe  euevae  coavargi  aau 
approach  loot  ebeorptloa.  The  etialid>t  pcrltoiis  of  the  eurvas  have  a 
elope  of  approaiaately  O.'-?  as  camareJ  wiU>  0.9I  for  the  eurms  cf 
Fig.  56. 


thue,  for  eeruvta  yaluae  of  w  aad  F^,  the  abeorpvloa  at  F^asi.  and 
F>aas.  for  the  Fit)  ca'*  t'u  bond  ihowa  e  •tepeedeaee  oa  thee*  paiaaetara 
which  is  only  sUgbtly  dlfferee*:  the  snuarjp-rtet  depeadsane  for 

whdeo  the  eheorpUoh  lu  proportlooel  to  F.  As  la  the  eaae  of 
the  aheorptton  at  F'Oas.  aad  F-aas.  of  the  -e-l  WjO  band,  the  eaxl' 
«usi  depeodeaee  oa  F,  Is  eoaewhat  less  ths  tspeadeoee  assoeUted 

with  the  squaie-root  apprortastion.  lowever.  the  dtvtetiv..  froa  Use 
eqware.root  depeadeace  te  eoaalderably  leee  for  the  <10  haaa  thaa  for 
the  baud.  It  wae  polated  out  In  the  dieeaseloa  of  thr  IgO  bead  Vs*, 
the  abseacs  of  a  square-roct  depeadeace  oa  prtnsurs  eoold  he  attrthutsd 
to  the  weak  tiaes  which  occur  along  »tt>>  the  strc'>>  )iaae  of  the  strwwa 
fviediasntel  barul.  It  |v  cwll  kaowa  l.'ca  high>resalutlea  epc«t.*a  rss< 
theta  art  fewer  weak  llase  tn  the  CO  baisi  thaa  la  the  hpO  bead.  It  le 
rhsrwfoni  o"*-  •umrlstr  •  ’hat  rtie  devtav.toa  of  the  CO  aMorptioa  trv» 
the  vquart-root  depeadeace  le  leeo  than  for  tU  nbeorpUoa 

It  le  furths.-  :MVrd  tl^;.  Um  devtatlut,  fivm  the  «qware*rtint  dapead- 
eave  of  the  abacipvioa  .'.t  F-aax.  it  greater  thaa  at  P-aas.  for  the  CO  haad. 


90 
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Although  tte  differmce  In  dependence  on  lo  Banll  enured 

vlth  It  Is  believed  to  be  slsnlflcsnt.  Pui-ther  evidence  t. 

the  difference  cdu  be  eeen  by  oci^rloc  the  strelght  portions  ci’  tne 
foul'  upper  curves  of  Pig.  %  with  the  corresponding  curves  of  Pig.  30. 

Tbe  c'urres  of  Pig.  36  occur  ■.•onsldemblj  oloeer  together  than  do  those 
of  Fig.  lOi  the  Ufi'erence  In  speclng  lu  ll.'ates  that  the  atrong>Ilna 
approrlMtinn  Is  eore  oeerlv  valid  for  R-eex.  than  for  P-mx.  Ihle  re- 
•ult  can  undoubtedly  be  explalned^by  the  presence  of  rather  proBlnent 
Unet  or  the  leotoplc  bend  C*'  c>^-u  near  P-yex. ;  the  llnee  of  this  Isotspl 
band  are  auch  weaker  near  R.au.  sind  therefore  give  rlie  to  leet  devle- 
t’on  free  the  aq'iare  root  Icpcnict.-.-c.  Ibe  difference  in  the  reietiva 
stiengthe  uf  tiie  isotupi.'  llnee  in  the  '.vo  different  tpeetiel  intervale 
le  well  known  froa  nlgh-renolurlon  spectra  and  le  a  reeult  of  tbe  ahift 
of  the  band  center  of  the  band  relative  to  the  center  of  the 

band  of  the  aore  cneaon  iaotope. 

Ccapanton  of  the  atralght  po.Uoua  of  the  four  upper  curvet  of 
Pt<'  wbicc  reUsee^A(v)d«  to  wP,,  with  the  eorretpoadlng  eurvea  of 
rtg!*.  }A  »n4  y?  else  indicates  that  the  ejuxra  root  approxlaatloa  it 
aore  valla  for  the  eheoi^tion  at  P-aax.  and  Naax.  than  for  the  total 
abeorptlon.  Iblt  result  eaa  undoubtedly  be  e^lalaad  by  the  faet  that 
voe  wesis  .lues  oea.'  taa  wii^  of  u»  haaa  contribute  to  the  total  ab¬ 
eorptlon  bu*  not  to  tbe  abeerptlct:  at  P-nax.  and  P-sax. 


B.  m  or  '>  CO  BAfD 

the  CO  overtone  band  at  b260  oa*^  wae  IneeaUfattd  by  ualag  a 
luuble-pass,  etogle-beaa  Itode)  ^  P«rUa>Claar  apeetnaater  /itt  a  Uf 
p.'isa.  A  iems'.  glower  eervel  as  the  aewree  a»l  a  theiwetuple  a»  tbe 
detector,  txtereal  edjv.'ebaea'e  on  the  aiUUpIa-tniMteal  :eU  whlah 
tMe  uaed,  asde  tt  po««tble  record  tpecUe  uf  each  aa^le  at  h,  6,  ih 
and  ;?  trswealt  “Crrvspeedtag  U  «ieth  heagth*  of  6p;,  123><  uhB 

ea,  reepaettvoly.  Ibe  epeetra  were  repUttod  oa  a  Uaaar  aoala  of 
pareeat  abeorpttoe  ^r>ua  wawauaher,  aad  the  total  aheorpUoa  wan  da- 
benaleeu  frea  the  area  eader  eecb  epoctrsM. 

Trecthgt  cf  te'ctrel  tf  the  raplotted  epettra  are  shown  la  Plgp. 
aad  kO;  the  cpectiel  elttwldth  of  the  e|»etT««tar  saa  betweia  1} 
aad  id  tm- 

Ihhle  k  iiste  the  eteoriptirr  paisuaeteve  and  tha  total  ahaorpUea 
Pur  eU  cf  ‘be  sp».;»,H>  obtained,  fbe  cell  eae  at  pooa  taa^araiure,  Whleh 
varied  hy  appriMtaatel>  k^  during  the  eouree  of  the  esporlohat. 

la  order  to  doberedas  the  veiua  of  %  fM*  MbB  hhaplh  It  eae  flrak 
aeeoaaary  to  detaraiac  the  value  of  the  eolf-Vroadaalag  eeaffltlaat  • 

Is  Itg.  (ik).  Since  the  apeusraaater  uaed  for  thle  portluo  of  the  htadf 
we  aet  a  dowhle-haea  type  taatniet,  it  waa  a»t  puaaihla  to  debaraBaa 
the  tal.«e  of  d  by  the  ae«ht>l  -tveoilbel  pte%lt*sely  f»*t  tW  ca*l  Sgv 
aad  jl«)  ea*^  CO  hasrfa.  the  aethed  r'  t<‘arsrtalaa  5  f^^r  thte  bead  aada 


/ 
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UM  of  th*  fket  tliAt  MVOXOI  dlfforont  ullleh  o«r«  stodlad  loo- 

tolMd  opproilMt*'' ▼  th*  MM  kfeaezter  roaeontistloD  ot  dlfftnat  >-*1;^ 
lM(tha>  For  oja^plot  oa  olMor^r  eoooontxotioo  of  oppreslMteXx 
otMo  cm  oM  obtmlaod  vlth  gmth  Inoftho  of  62$,  1£$2,  Md  2^$  cm  Of 
Mlac  dlffonat  portlol  froaauxoa  of  CO  la  tha  abaorptloa  sail*  ■pMtra 
of  aacb  of  tbaao  aaavl-**  wort  rbtalaad  at  dlffaraot  aaloaa  of  total 
pioaaaxc  vblcii  nor*  prodoead  b^r  adding  Io>  Iba  dlffaraat  aamplaa,  ableb 
aoabalacd  tlM  aaM  abaortar  eeaeantimtlen  bat  dlffaraat  partial  praaaviraa 
of  CO,  aaoaaaarllor  rogalrad  dlffaraat  aaooata  of  la  ordar  to  prodnea 
tha  aoM  total  abaoiptlom.  Ip  eomiarlag  tha  dlffaraat  mlaaa  ef  CO 
j«mal  praoaofa  aad  Ip  partial  praaaora  raqulrad  to  prodmea  tba  aaoa 
total  abaorptloa  aamplaa  baatag  tba  aaM  abaortar  eeaooatimtloa.  It 
OM  peoatblo  to  dataimlM  tba  mlaa  of  B  aeeordlag  to  Ig.  (15).  Approal* 
Mtalr  CC  aepa'mta  aalealatleaa,  ableb  Inaolaad  a  Urga  portlea  of  tba 
data  obtalaod  for  tta  t26C  ca*^  CO  baad,  «ara  aado.  IboM  ealnttlaUoM 
vlalitad  a  nalua  uf  I  •  l.OQ.  stileh  la  ballavad  a«a<uaba  U>  I66.  lu 
aaaordaaM  «ttb  Bg.  (lb)  tba  laluo  of  P,  Ma  dataialaod  bp 


F,  -  P  ♦  0.0*  p,  (.'7) 


abara  F  la  tha  total  piaaaiua  aad  p  la  tba  parUal  praaaura  of  Cl- 

Tba  aalaa  of  •  >  i.t«  ,0  aoaratat  iorgar  tboa  tM  aaioa  of  i.« 
dataiadaad  for  tba  ftadMaatal  CO  baad.  fba  two  aaloM  dlffbr  bp  aUgltlp 
loan  tbaa  tba  Milaaa  agparlaaatal  error)  boaaaar.  It  aooU  aot  ba  aar* 
prlalag  to  find  a  algatftcaat  dlffaranea  la  B  far  'llffaroat  baada  of  tha 
aaaa  gu  aloaa  oartatlaM  onto  rfoaat  wttbta  tba  22ad  ca"  KpO  aal  Uio 
210  ca'l  00  baada.  Taa  wtaod  aaad  U  datanalM  tba  valvaa  of  B  for  Ua 
i2dO  CO  baad  did  .tat  aaba  It  poaotbla  ta  latoai  aaall  Mrlatlaao  of 
B  oltbla  tba  baal. 

tta  data  for  tat  t26(<  aa’^  CO  taad  a«o  abaao  la  Fig.  tl  «ltt  tatal 
abaorpUoa  plottad  aa  a  foarUaa  of  agalaataat  paoaaoio.  Ibo  tag  aad 
bottM  <rar«aa  lopraaaot  atagta  mloaa  ol  ataoroor  eoaaaatratlaa.  taab 
of  tat  otbor  corwa  aorraapord  to  aa  appfoatMtalp  aaaatMt  oolaa  of 
■baaiBar  aoaaoatioUao)  ibo  toloao  lallaabad  at  tba  loft  of  aaab  <ona 
lodlcata  taa  Mtla«  oad  ataloM  tolaaa  of  abaortar  raoaaotioUoo  ropto-. 
aaabad  bp  that  cam.  <ba  a  <  aaproaaat  oaaaloa  of  CO  ilnaa,  italla  tba 
*0*a  foptoaaat  aatglM  taippiid  of  batb  CO  aad  Bp. 

FtgM  tl  loUtaa  tba  aaM  paroMtara  d-vaa  Fig-  fw  tba  fMla* 
Matai  00  baal.  Boaaaar,  Fig.  tl  daaa  aot  lopioaaat  aoorlp  00  alba  a 
raaao  af  aoluts  rf  a  aad  F.  a*  doM  Fla.  V>.  ibarofoio,  aaM  ef  tba 
taftalM  ftataraa  Fig.  $0  art  aot  praatot  la  Ftg.  bl,  aptb  aa  tba  d*. 
trtaaa  la  tlopt  at  aaaU  aalaaa  or  r,  u  a  molt  af  Btgglar  brwdaalag 
end  at  largt  aalocr  cf  F«  ar  a  of  oMrlapplag  tba  tpactio) 

llaaa.  tba  croadlag  af  U-t  raraaa  la  tl*  n<^t-baad  cororr  alta 

data  aat  aacor  In  Fig.  «1.  tinea  tba  Urpat  r«la»t  of  a  aad  F,  <m«o  aot 


•ufflcieatly  Itrg:  to  prcluc*  tcBpl*t«  abaorptlon  owr  tte  batio. 

I3  ordar  to  aaow  tit*  dapeadaoc*  of  total  abaorptloa  oo  «,  i«l.ja» 
vara  taken  froa  the  o  jrvae  of  Fig.  Ui  and  plotted  In  fig.  for  tbe 
four  different  mIvm*  of  Indicated.  ?bls  figure  le  eladlar  to  Fig. 
i2,  vbicti  vae  drawn  for  tke  fuialaaeuLal  CO  bawl:  but  aa  in  taa  eaae  of 
Pig.  bl,  thla  figure  doe*  not  cunlaj.u  all  of  the  faaturee  of  rig.  V 
heeauae  of  the  auch  laaller  range  of  vmiues  of  v  and  P^  which  are  rcpre* 
aeated. 

By  cohering  the  pulnta  Is  Fig.  b?  with  the  curvet  of  Pig.  }2-  It 
waa  found  that  at  a  glean  equivalent  pmteure  the  total  abaurTtlon  of 
the  31b3  ca*‘  band  vat  eery  nearly  the  taae  at  the  total  absorption  of 
the  b2b0  cs  •  band  at  the  sane  equlealant  pratture  but  with  the  value 
of  abeorber  cooeentratloa  130  tinea  ae  great.  In  fact,  aaeh  of  the 
curvat  or  n*.  “j  was  Iravn  by  tracing  the  .-urve  aig.  t?  corr»fi»«.'- 
lag  to  tha  eaae  ^lua  of  P«  but  with  tha  value  of  w  different  by  a  factor 
of  13'.'.  It  la  acted  Ue»t  tha  etperlaeatal  poiata  rit  aleeiy  the  traced 
eurvea.  Thlt  direct  tracing  of  the  cui»«e  with  the  val«te  ut  the  ebeclaaa 
different  by  a  couataat  factor  wae  poaetble,  of  eourae,  beeaueo  of  the 

tmrf.  VK*  V^.S.h 

correapoada  tc  aa  equlvalaat  preaauia  of  to  w  Ig  vaa  Mt  ttaeea  froa 
Pig.  3:,  a*  were  the  other  three  cuivea,  eluce  Fig.  >2  ioea  aet  coatain 
e  ceree  eerreepoeiUBg  to  thla  preeeere.  Tha  curve  rorreapoedleg  to 
30  «  Ig  ta  Pig.  k2  \m*  thavafore  diava  tram  another  etailei  vutn  eaivh 
eorrrfjowta  to  30  an  Ig  for  tha  e**'  hand  bet  la  let  taeXedad  la 
thli  report. 

Tb*  'ntal  aaaorrtlod  of  tha  eddo  «*!  band  for  aeaplea  ta  the 
'Ueeer  regier*  ((' '  caawt  be  debeialaed  frea  the  eervee  ef  Fig.  bp 
alare  rhe  lareaat  vaVwf  of  P,  veieaot  eefne»a«t|y  larye,  aor  vaa  U.» 
anaUeet  value  sf  w  eufr.rieaUy  aaall.  hMerar,  Fenner  aad  Waher*^ 
taveetscatad  the  total  aheorpUoa  ef  hath  hania  la  the  Uneer  vegloa 
and  rvuad  thtr  i.v  .alu#  h(*)dv  for  the  faadaaeetel  head  wee 
e«a'-aieai‘e'.y  tbt  ttnee  UMt  of  the  everteee  taend.  The  errtni  •annupU'wi 
V!  ».e»  i.wt  •*.  tae  :lnner  reglne  |e  tberefore  the  aaee  ae  that  of 
*.ce  ■.f.b  -f  ri*rt.-;t.-at:5»  l.'U*  aa  greet. 

"  '  re-tir  tr  t  '  etvbla  the  tlaita  af  ee(«r>nental  errvr  at  ^ 
fh.;-r  of  »vu,  waua  <m*  «J.ee»v.j  r  r  a  dirrer^a;  langv  of  valeee  w  aad 
F».  il.Ke  the  twf  Veade  are  eiwltr  with  ra^ra  to  Uae  aheia.  11m 
afB.-iag.  er.l  riUUwe  live  v*.r»n«*be  witain  the  baad<  it  It  prohahly 
true  tent  the  total  •ba.'rption  »r  the  veaaar  overtce*  band  cea  be  a». 
teralael  fra-  the  ce  r>,  c'  PSa.  S>  vhl'h  ee«'.<  with  the  fVMlanealal 
band.  Vy  'velng  tVe  e«^  .altn  »f  %  and  »  valee  nf  «  ukUh  tel/ltO  U«ee 
that  .sf  ’.he  caagte  vhcu'e  v\.’a«  4^  weiui,  2eueta^nei.  If ^ye * ■  it  r 

■!?*).  J!5)»  ahd  (H)  C’-elt  pivlaHy  aUw  »*  apf  lea  aeUeraeWH  W  by 
^  *.  1*.  tie  rju;.?’;!.  uttiuvif.’  V  eppear*. 


Vli.  nir.  <J,  i^  »>r  i"  ■  j  ■  '  J., 


It  Mo  for  qul*»  <»jot  r.iae  ?il^  c:;uf»  la  r»tA«r 

Isrfre  quAatltleo  In  the  ataospn^rva  c'  tlve  plnixta  Jupiter,  Saturn, 
llranua,  r.nd  Bepttt-.e.  Bat  until  van  il'tfwre.l  t/  ^eiBe&tte^ 

to  be  a  persannnt  acnstitunnt  of  tbe  earth'o  atatsrbere;  tbe  avenugr 
aburular.ae  has  sinae  tear.  t>.  ^  npproxlCAtel ^  l.o  $)»r>jk  |ier  aJllI  a 

by  VuluM^, 

ApproieliBa^ely  l‘;o  absorptlnr.  w]ei.tra  of  Ci:;;,  were  obtained  la  tfce 
opectral  i-e^on  froo  3^00  -  700  e*-i,  Abaorp<.l  '.->  i4»l>  leectb*  '>f  6»59» 
boO,  and  l£00  cm  were  used  to  otMln  values  of  ataorl^r  rot»eaot"at|»« 
free  O.Ol*;  to  l8fl  ataob  ca.  Vo.uea  of  vtal  nreasure  were  varied  free 
approalmateiy  3  rn  5000  sss  Pg. 

an.  ui  t.i.c  ots;.>rvtijn  'jccli.  Id  two  !Uffereat 
one  between  3**00  ati  mu'  the  other  belweer  1?''?  aai  IICO  otK 

Tmclnes  of  sany  of  th>  «i<ee»m  of  the  hlgh-fre^oeney  rtgica  ere  pre- 
•ented  In  Tlpa,  b5>b6  and  apeetrm  of  tbe  low  frequency  region  ere  shown 
In  flte*  ‘'7>51<  Tortlone  of  aooe  of  the  arectra  were  onltted  fron  the 

i*a*  uui*  •iCwueeary  %iv  corre^b  ^aae^ 

portions  uf  auEte  of  the  absorption  eurvea  for  overlapping  abeorptioo 
by  COo  and  BpO,  which  occurred  ae  Inpurltlea  In  the  CQ»  and  la  the  six 
In  the  optical  jaU.  of  Ui«  M|»otruieter.  For  sane  of  the  acaflaa  caA> 
talnlng  very  large  values  cf  absorber  concantratt  *•«?  ahaorptl 
extended  into  the  region  of  the  Si^O  er*^  COg  baivi,  an-i  ueuaw*  of  the 
C0;>  lapurlty  In  the  CHi,  It  van  neeeaaary  to  correct  for  abaorpUoo  | 
between  2430  and  2200  cn-l.  It  was  a>«n  necessary  to  correct  sparloos 
KgO  absorption  in  the  region  between  1750  and  I5OO  ea-l-  for  aaaples  of 
large  v.  The  effective  slit  width  varied  throu^out  each  absolution 
curve  With  an  aversE-  value  of  approxlBately  1*5  la  the  high-freqonwy 
region  and  10  ca**  In  the  low-frequency  tagioa. 

For  purposes  of  analysis  the  1750  -  1100  car*-  region  was  divided 
into  2  reglona  at  133;  cs'l.  For  Isdentlflcatics  purposes  the  algb- 
frequency  region  la  referred  *0  as  the  155O  ca~t  bead  and  the  Icw-fraqugne 
<’«^oa  a«  the  IICV*!  ca'*'  muI.  •luce  iLee*  l—u  I'requeiiciea  cerrespaod  an 
the  ceute'-'  of  ihe  two  stronger  uanoa  in  tne  regloa.  Slsiiariy  tea  spec* 
tial  region  froa  3*00  -  2?0O  e*-l  m  referred  to  ee  the  JCPO  car^  bead. 
Since  the  rtgiaa  referred  to  as  the  I'^-SO  ca~^  banc^  occurs  la  tba  ngloa 
of  the  water  vapor  abrorpMon,  tjio  accuracy  of  the  traeed  spsstia  and 
the  values  ofJ‘A(v)dv  f*»r  tMe  ban.1  are  ecaewbat  lees  than  fc;  the  other 
bands. 

•>»»»  date  corrected  for  apurtoua  abaorptiAn  are  glvva  In  ^ble 
5,  which  loclndsa  '.'slues  of  J^( »•)•»*  for  all  *bree  bamla  for  the  Hated 
values  of  w  and  P«.  tbe  value  of  the  ei>ir-brt«d«alng  -cefft-'ea*.  F  vaa 
found  to  be  1.  30  for  the  3X0  ta~l  bend  and  1.39  for  the  IjCh  car^  band.  1 
was  not  poaaibla  to  obtain  nn  arc-unt"  aeaauresast  of  B  for  the  I55O  cni*! 
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Vli. 


na:  50.  0,  lyr>,  AXj  i-y/j  cq"-  hAHiH 


It  h»io  b<*«n  known  for  qul<»  •'wse  tint  t»:it  CiJj,  ociuro  in  r&Uter 
lt,rge  qup.atltlen  in  the  ntaosphereo  of  the  planeta  Jupltir,  Seturn, 
(Imnuo,  rnd  Neptiuie.  Not  until  19**9  vb3  CKj,  dlccoverert  ty  Mlgeotte^ 
to  be  e  percnn^nt  constituent  of  the  earth 'n  atBOspUere;  the  averafte 
abundance  has  since  been  fcuiid  tu  ot  epproxloately  l.o  pnrte  per  allH  js 
by 

Approximately  150  absorption  ujeutra  of  CH^  were  obtained  la  the 
cpeetral  re^on  from  iUOO  -  ^Q0  cr~1.  Absorptl^'n  path  ’.engtbs  of  6.35. 
**00,  and  l500  cm  were  used  to  obtain  values  of  absorber  eoneent-ratlon 
fros  O-OIO  to  188  atokos  cm.  Vr.cues  of  total  pressure  were  varied  frss 
approximately  3  to  500'J  sa  Hg. 


Viri-ualx/  all  ui  ute  uL':<..rptiun  occurs  In  two  different  Intervalftf 
one  between  ^UOO  and  ewl,  and  the  other  between  VJyO  aed  IICO  ea“^. 
Traclnga  of  many  of  th«  apeet-.ra  of  the  high-frequency  region  are  pre¬ 
sented  In  Figs.  I* 3-1*6  and  spectra  of  the  low  frequency  region  are  shown 
In  Figs.  1*7-91.  Portions  of  soiae  of  the  spectra  were  omitted  from  the 
figure-  tw  p;.uv:ut  s.c;.;.ci«<ll*ig,  «<a*a  11  wuu  .xcuauary  U*  correct  aaall 
portions  of  some  of  the  absorption  curves  for  overlapping  absorption 


by  COo  and  BpO,  which  occurred  as  impurities  in  the  Cllh  and  in  the  air 
In  the  optical  paU.  .tf  Uie  M^iectruneter.  For  some  st  the  samplaa  con¬ 
taining  very  large  values  of  absorber  concentration,  the  CBh  abaorptlon 
extended  Into  the  region  of  the  S339  cc*^  CO2  band,  an*t  becauee  of  the 
cop  impurity  In  the  CEg  It  van  necessary  to  correct  for  CO2  absorption 
between  2490  and  2200  as-l.  It  was  also  necessaiy  to  correct  for  spmrloue 
HgO  absorption  In  the  region  between  1730  and  190’3  cb~1  for  samples  of 
large  v.  nie  effective  silt  width  varied  throu^out  each  absorption 
curve  ^th  an  overage  value  of  apprordmately  ?9  c»”l  la  the  high-frequency 
region  and  10  cm’^  In  the  lov-frequency  region. 


For  purposes  of  analysts  the  1730  -  1100  co*^  region  was  divided 
Into  2  regions  ai-  1939  es~^.  For  Icdentlflcatioa  purposes  the  high* 
frequruuy  region  is  referred  to  as  the  133^  ca*f  band  and  the  lew- frequency 
A'egloa  as  the  1J>06  cm"-  uaji-1,  slt*ue  Uteae  i.vu  frequencies  correspond  to 
the  ceufjer--  of  cue  two  stronger  bands  in  ttie  region.  SlmHarly  tae  spec¬ 
tral  region  from  3400  -  ??00  na~'  t,,  referred  to  as  the  3020  emfi  hand. 
Since  the  region  referred  to  as  the  I990  om'^  band  occurs  in  the  region 
of  the  water  vapor  abrorptton,  the  accuracy  of  the  traced  npeetra  and 
the  values  ofJ‘A(v)dv  for  Ihle  band  are  somewhat  less  than  fur  the  other 
bands. 

'nie  CHi,  data  corrected  for  spurious  absorption  are  given  In  Xhble 
9,  which  includes  •.•aluso  of  J*A(v)<iw  for  all  three  bands  for  the  llabed 
values  of  v  and  P^.  The  value  of  the  seLT-broedenlng  eoeffietyg^  p 
found  tc  1.30  for  the  tm"^  band  and  1.33  for  the  I3O0  ea"^  baed.  It 
vae  not. poesible  to  obtain  nn  ncc’unU*  maasuremect  of  B  for  the  I99O  ca"f 
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bemd  bccauau  uf  tua  iwr- lapping  nater  vapor  •.bsorptlon;  thtrafcre.  '  hr 
saae  value  of  B,  ’.3tj  vui  used  for  this  u<uid  as  for  Iba  lyA  rz~-  '  vid. 
Since  tvo  <llffprent  values  of  B  ware  used  in  (lb}i  xm  different  values 
of  appear  In  %ble  >  for  each  sa^le. 

The  data  jn  the  CBi^  absorption  are  presented  In  a  Banner  slallar 
to  that  In  vhluh  the  2224  ca*l  HgO  and  21i»3  cm*!  CO  data  vers  presented 
In  previous  sections.  Many  of  the  3Cb:0  ea*^  lata  are  plotted  In  Pig.  32 
vi'.b  J‘A(v)dv  versus  P^,  vhrre  each  curve  eomupoads  to  a  constant  value 
of  w.  The  features  of  the  curvea  of  ng.  32  ara  alallar  to  thoae  of  the 
correepondlng  curve-  f.-.r  the  ?22i»  ea"'-  ggO  band  in  Pig.  12  awl  the 
21U3  ea*l  CO  band  In  Pig.  3C.  Bowevr,  tvo  ftaturaa  of  tha  curvea  of 
Pig  52  shsuld  b:  noted.  5^c  aaxlaus  zlopa  of  xtij  u*  aw  uurvaa  ui 
Pig.  V?  te  approrlExtely  0.23;  this  indi.ates  that  the  MSiauB  dependence 
on  P»  la  vhlch  la  considerably  leee  en»  w.n  anS  CO  bands 

It  Is  also  uo led  that  the  slopes  of  the  carves  eorrwponiUng  to  values 
of  V  betwsen  O.it  and  ll.a  ataos-ea  Irareass  vita  Inereaslag  values  of 
squivalsnt  prsssure  to  spproidaatsly  75  ssi  Bg. 

Ti.  la  reraiisd  that  the  slopes  of  toes  of  the  eorrsspondlng  curves 
for  RgO  and  CU  wers  found  to  Inereass  vlth  Inemaaing  equivalent  prssaure 
wla  saB  ug.  Ibis  pueuueanau  was  attributes  to  the  ef¬ 
fect  ot  the  Ojppler  vtdth  of  the  absorption  L'lies.  Mowver,  it  sesas 
unlikely  that  «r.  increase  In  the  slope  to  prefsiirtl  ss  high  as  T3  ■■  Kg 
could  be  s  leuvilt  of  vis  i«ppisr  vidth  or  toe  uses,  it  saesw,  thsrsfere 
tiwt  another  siolanatlon  of  the  Inereastng  slcpc  of  the  eurves  of  Pig.  32 
Is  needed.  A  ptrslble  qusUUtlvt  sxplanatlv.'  vtl:b  tehee  Into  aenount 
the  rather  unique  structure  of  this  band  foUevs. 

A  high-rssbluUon  s.wetrvw  uf  the  ywo  en*^  CIl  bead  siawee  that 
It  Is  eoapossd  of  stvsrsl  strong  lines  vbleta  occur  fa  greupei  eaeb  group 
be.'.j  anparated  by  approxlastely  lCt-12  ca'*.  i.’.so  occurring  In  tha 
spsctniB  ai-e  nauji  veaSei  Hues  thmughuuv  the  beau,  tsespt  for  sallies 
klUi  iuw  preasore  and  very  saaii  va'uas  of  absorbtr  coneeotratloa,  sash 
grnup  of  strong  lines  rou;!  be  treated  as  a  single  line  for  purposes  of 
eatlaati-g  the  sbsorption.  The  band  obuld  then  he  spproxlaatsd  by  a 
ba.nd  nods'-  eoaetotlr^;  jf  an  Slsaass r-typs  tsw!  stioog  lines  spaaed 
10  12  -s*'-  npar*,  end  c'iper'.spnrrl  .-.r.  ; .*.r..-.tr.e r  tend  -onflttlcg  >f  B'euh 
veahsr  line-  cjiared  »jcn  c;oavr  rngather. 

Krr  re)at<v«)y  lov  pi«eeur»a  one  adght  *xpect  that  there  would  he 
s  rather  wide  i.ns*  of  values  of  w  over  which  the  coatrlbutloa  to  the 
sbecrptlon  by  uie  stroiig  Unas  w^d  have  approsdwtsly  s  square- root 
Itpsndsncs.  the  vCtal  abscrptluii  by  these  Lines  would  tberefoiv  In- 
creecs  spproalastely  as  the  squBir-r-oot  of  the  equivalent  pressure.  On 
the  othar  .> 'i,  the  cootrlhutlwu  -u  Uw  auaurpUua  by  thv  wvih  Unsa 
veuid  jsvv  tiicle  or  nn  iterendsnce  vd  cqulvnluul.  yressuiv.  At  pies- 
iuren  a  aajor  p^.-ttun  of  the  r.baorptlo;.  would  arise  fron  the  week  It'ies; 
sad  the  total  abioiptlun  of  die  band  would  therefore  hew  llttU  depend- 
tn;v  on  prersuri.  Uowevvr.  as  tbs  pressors  is  Increased,  the  relative 


ivtntrlbutlon  cf  the  preeeurc'dependeat  strong  Uses  voald  beccae  g.-fat«r; 
the  total  air-orptior.  cf  iHe  tend  wo- Id  tirrefore  exhibit  tie  ofcee.'.'^.'i  in- 
creasln*  dependence  on  preeture. 

Without  InveatlgsUng  the  absorption  in  a  hlrhly  tesolved  apestrua, 
it  vould  be  liffluult  to  prove  that  the  a‘'0«.  ixplshstion  is  \«lldi 
lovever,  it  can  be  said  that  It  is  a  poailble  ►vplesstiou  of  r  rlapaitdenoe 
on  pressure  not  obterved  in  Boat  absorption  bands  atudiad,  .od  ia  baead 
un  a  band  Bodel  which  ia  alStllar  to  tha  actual  band. 

Values  ofj'A(v)dv  were  taken  froa  c'urve  of  fig.  5a  sod  plotted 
to  Kig.  5)  sgaloat  absorber  eocceatratlon  w.  Each  curve  corresponds  to 
tbs  constant  value  of  ae  ehown.  By  tnterpolatiea  It  le  p visible  te 
deteralne  the  total  abeorptlon  of  a  aaaple  of  Ca^  having  values  of  v  aad 
Pe  within  the  range  Inciuoed  bv  the  curve*  of  Pig.  y).  The  fcaturee  of 
the  curves  are  slsl  lar  ts  thnnc  of  Ihc  c.'-rer-cadlag  ftfire*  ftr  the 
I  <U  and  CO  bands.  Ibe  nearly  linear  portions  of  tbs  curves  were  found 
aw  ■  'pel  of  app"oxlaately  0.t5,  vdicatlag  that  tbs  total  ahscrp- 
eroporticas'  to  wO-*'**  for  the  janres  of  veiust  of  v  and  P* 
the  ''.near  pomdoas. 


l.  -■:! 
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'»i  ■■  than  in  tba  'sse 

r.'ja  ‘.'•.t  in.olv. 


*M  tate.'jityy‘v(v)dv  vas  esUaatai  froa  the 
*be  .icumey  of  the  valus  .Wtomlned  is 
ena  “,.3  and  CC  bands.  I',  is  m  be 

*ne  dstsratiaUoa  of  tha  iahsa  Ity 
sust  be  seffieiently  high 
'tntly  '-(w  re  that  tba 
‘‘•'lap  thaaa  coa» 

dlUoaa  *ha  <  'u.*  -  ■  '  -  *  “  -  '•  ••it**' 

valuaa  of  v  aad  . 

abanrption'*is  saea  to  iaciaae*  :  ^  ervt  .  r 

appnreui  that  tba  hand  !-,*en»»l»  vv* _  tj 

a  dtraet  .-ealiog  froa  tba  y*M  m  ■«  ou: .  •  - 

tha  eoneapoadiad  rtvurea  for  tha  IpO  rad  Cv  an.  •  sy 

trapolaUng  tha  euiva  to  aaallar  valeas  of  «,  haot'ln^  ;a  a.  iv 
arnuaa  tlopa  of  the  estravoiv’>  norttoa  s?  Uie  eurve  abouCd  ha 
the  value  of  the  bead  lataai!*  •  MVO  aarl  haad  uaa  eaUaatad 

U>  we  riwM  vf 


»•  'vtfnn  ru. 

•  ,  ia  very  raau 

f  ■  ;v»»un.  Pc-  e». 

-  ■  !n  P-  t.', 
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k(v)dv  a  ;CO  atr-a*^  ea**  tW  . 


(>Si 


TUt  valupf  ahicl.  ia  bel..eved  te  ha  aceufute  tf  etthia  tiyt,  la 
appmidaataly  lf]l  Use  than  tbe  value  of  ybO  ataaa-  ca*^  reported  by 
WaUh.  PhehUr,  aad  DiMai^>. 

Valuat  of  jA(v)dr  for  the  iJOS  ea*^  Clg  Head  are  pUttad  a^taa* 
%  In  Fig.  5^.  Stvarei  uf  Vha  vurvea  of  tba  cmhaia  par^ioaa 

••pel  of  ^prealaate.r  9.  >0.  iadteatlag  a  •«'e  dajeiiaaare 
.  wnirr  -•  grrover  Qttjt  \bc  no  si—  «es»»'<reae  ua  T,  tw  u.t 

ta.  <.  tn.  tr  ait  11  aucb  laaa  thia  a  agvaie-'met  dapaadanee. 
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•>•'1;  roi  vTiltiea  ‘.r  '■  ■ 

.0  raa  l!j:.  "Hilo  ixnuXt  of 

S'*  f-'r  the  '.Ct'O  r--!  f.^nd.  nt»v.-ret  *  - 
X'ftnis  chov  that  their  Iwiai  ctn:'t%reT  arr  ,  . 
elxpie  Mnd  kO'IoI  vhlih  w»«  use.l  to  dc:  tribe  '.,9  f.: 
bnn.l  would  not  >»r  to  ve  •-*‘<1  tVr  U.e 

wfuSd  therefore  oot  neceoixr.ri < y  expect  '.he  t,.  ‘.*“t 
creaein^  preaflure  In  the  raaw)  awnner. 


u^s*5ve.f 
-■  -.rjjce  t 


'  /* 


£t 


‘  tevl 

«  r  i'j  w!  tf- 


•  ¥ 


Values  of /a(v).1v  were  cbtal'.ed  fr'.^  "vea  of  KIp.  S-»  aat 

plotted  "Morber  conor/!: 'ntlca  1;)  Fi<t.  ‘'/V  Ter  'o  dlffe.Test 

vr. '.U08  of  P(,  indicated.  Rather  Xar(^  portions  I'f  the  cumrw?  were  fa-T.t 
tf,  h«-.  of  npprojclKately  0.48,  litddeatlsc  that  ti*  total  abtorp~ 

tl'.n  varleu  eeeentlally  aa  the  square  root  or  Use  atsor-e'-  los'eatr^- 
tlon  for  UiS  valueii  of  w  and  represented. 

By  extmpoLftlr.*  tne  ftr/es  of  Wg.  55  to  eBailer  values  of  w,  the 
band  Irtenally  of  tbe  1J>>5  CH?.  band  waa  found  to  te  given  by* 


K(v}dv  •  IG5  aiAos*'  ca”- 


» t-yi 


Tola  value,  wul<h  1^  bo  .eved  to  »  ‘  ..  *.iioi  by  esr  tb-s..  sl^i,  te 

approxlaately  1^^  greater  than  th-  ^  of  157  atiy  --  c»”-  jejortr  * 
by  Welsh  and  Sorddford^^. 


The  absorption  by  the  *}0b  ce*^  band  overlap#  the  abvorptlos  by  U.« 

'■  >*13*1  band  for  ramples  of  large  absorber  concentration.  Ibe  frequency 
'‘''5  '  '’''>3en  &j  the  freq’..ssc'/  dlridlcr  the  two  taala  re^reaeata  an 

'r  lu.  *  bcLween  the  P-  and  Q-branebea  of  the  band  at 

*■*  n,^'.-  "^gion  referrid  to  Is  this  report  aa  the  1J06  cn** 

^  V  ’"x*  *,•••  '  **v**^v«*T,  ♦’Sf* 

cf  Kic  r.l:fl^Uute  *  .  ,  <  ' 

ecceatlnlly  ^jff-’t' 1  ..oro*ts,..  ••nt,  ;ron  the  v>  band.  Ttie 

la  belivvnd  to  b*  tr  .  :.ir  "lion  &y  -  »  In  the  re^laa 

where  the  bead.v  over  •  1,  n, •.•;b:r  ;,■?  ■"•■p.ea  ..  ••  '  c-o: 

values  of  absorber  c:  ■  eovrmi-n  vnich  are  r^pix**-.  ■  1  *'y  >j  •  ■*!&;.. 

of  the  csirvee  frosi  v?  'o  the  r^und  Intenalty  was  deteralcsrt 


The  data  .'or  t' 
tiita’  abaorptlcr.  ; 
values  of  w  Indlcot 
tain  the  cur'-^o  In 
previously,  tl.e  dai 
vniuea  of  nbe'-r'e* 
leiifl  accurate  t  lar. 
tlon  by  vntei-  vnp. 
tl'.*<  for  ".a J  lies  o' 
ericr  f<<i  the  ear 


iy.O  .CB"*  hand  are  plittel  in  Pig.  5.*i.  tbs 
•.  l-4-  l  a^lnnt  P^  ’n  the  laft- '.••vl  por'yrT  for  the 
.  «-M  vo’"**':  were  taaen  froe  ••-vaee  earvea  t»  rt- 
*  rlplit-i»srd  portion  of  ihe  Mi'oire.  As  ttatel 
*or  t.hiiv  mn-1  were  United  «s  scx.ples  havltyi  lari^ 
Let.lniM  'o,  luid  tat  recc.'ling  u‘  "M  spectra  eae 
••  tb»*  f<t-*i'r  bendo  bt’r rr*  tl.e  orarla).plr.g  atjerp- 
ta?  ci.rves  os  y;._.  jy,  a;-.-  liroonb'.y  n  ourcte  tf 
la!  «*>">i-ptl  n  rreaUr  than  ts>!*0  a*-;  lue 
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Bia  s;.opcs  nf  xiib  curves  Ir.  lie  lc?t-hnad  Mrtlon  of  Fi^.  5®  indi¬ 
cate  •  metlne  depeolence  of  approxltaetely  for  the  values  of  v 

and  ?•  repreaented.  IM4  reau^t  Is  appro.laeteiy  the  aoM  n«  thav.  o'w 
•arved  for  ttia  other  tHO  CH|,  honda.  The  curvea  in  the  richt-haad  portion 
of  the  fifure  do  not  exhibit  regions  having  elopes  of  approxlaately  0.$, 
os  do  the  corresponding  curves  for  the  other  bands,  since  the  inrgist 
values  uf  sbsurbet  oouccutraUuu  esiployed  were  not  sui'ficiantly  great  for 
the  lines  in  this  veak  bond  to  exhibit  "stroag-line*  properties. 

Because  of  the  absorption  by  and  the  llaitsd  onount  of  data  ob¬ 
tained  for  the  1530  CB*^  banl,  it  eas  not  possible  to  datsralne  the  twutd 
intensity  vlth  very  high  accuracy.  Ihe  value  of  J'A(v)dv  lldleated  by  the 
ordinate  of  Fig.  36  of  eotr-ee  doaa  not  inclula  a^orptloe  by  the  F-breneb 
of  the  voband,  ticce  only  the  abaorptlon  at  fre^acles  grvatar  than 
i3.*3  la  it'^ludcd.  Therefore,  eny  value  of  ahaolute  Inteaslty  de- 
tcrained  by  extis;  '  et.lng  Uie  cur\-te  of  Fig.  36  would  be  too  low.  Row- 
by  cxtrennlatihg  th^ee  -'ir.-rn  ai-*  bv  asettair*  tliat  the  contribution 
of  the  F-hrarch  ..  epin  ;.<Batc'y  the  aw»'  aa  the  R-branch  it  can  be  asu- 
aated  that  tho  suaulute  iutsas'  ty  of  the  v<.  b-.'d  la  be  tea  an  i  and  3 
ataoa*^  r.W  To  the  know',  dge  of  t'‘e  authora,  the  Irtceult  v  of 
veek  banil  '  «>■  .wl  van  seaR  .rv-t  yte-iottaiy. 

In  order  to  obcein  note  ecc-rtte  valuta  for  the  iaU.sitler  of  the 
CSs  baoit,  h.'gbar  valuee  or  etdivaiaat  praisa-'t  shou.a  b*  uail  m’'  a'r« 
date  ahouid  b«'  obtained  for  sjiftita  having  snail  veluea  cf  ebsoibei  one- 
eentratloe.  It  the  ceae  of  the  1330  ea‘^  baad.  the  C84  !>•..  turn'd  be 
dried  nt«d  s  syet  traeMter  which  could  be  evacuated  cv  thoroughl)  dries 
should  be  used,  this  eatra  care  wa*  act  cahea  slnua  tbs  aetetadMUua 
of  baad  lateuslUea  waa  only  of  secoedary  isgortanee  ta  the  pfest.at 
atudy. 


In  order  wi  obtain  .t«|ii.'tcekl  kcaUaaa  t'  relate  the  bot;l  abeerp- 
Ued  of  the  3030  aar^  ua.vi  v>  the  yareiUra  w  and  f.,  the  earrea  of 
Fig.  3V  evre  drawn  with  Ute  variable  VF,*'-*  m  ne  abaolsaa.  The  value 
O.k  wa<  arrived  at  tram  the  sl<>pee  of  the  linear  pesrtiahe  of  tba  curvee 
of  Fig* .  3>  and  33  >-  eevt  eaiiRer  ae  vac  dor  t  for  the  2884  cat*^ 
baad  *he  pnlnti  (iorrttpneding  v.  the  *  '.f '*er«at  »al>ute  of  pieaeure  in 
ik.  3v  occur  very  ciuee  taneteer  evnr  •  <r>'||r  voeloe  ef  value* 
d(v)dv.  •  0-  •«'  •everel  of  Use  vurve*  were  oaithed  frea  the 

vt  evAii  over  !r«e.  .i«^,  bu*-  ice  pv!ake  eorreeipeeding  v  u;  differeet 
rreeeauee  were  tac^vM.  a.  jm  F  -.  3t  the  relluwtng  e'lvsUea*  «eiv  de- 
rlvee  for  tae  /i.t)  ca**  ihh  ka<': 

|*(  ♦  /d»  -  13  •  V  0*^  *  J  ** 

15  < Jdliw)4»  <  »30 

•0  F^  •;  fOK  ae  lu.  (bO) 


for 


s 


for 


and 


J A(v)dv  -  -575  +  ^72  log  wPe°-’* 
2S  j  </A(v)dv  <  50'.’  es"' 

10  <  Pg  <  3000  tm  Bg  . 


(1*1) 


Values  ofy‘A(v)dv  deternlnad  by  use  of  the  above  equation#  are 
probably  acsurnte  *r,  +10)^,  eseept  for  valuss  sf/'A(v'dv  <  lO  ca'ly  below 
vhleh  the  -i-rror  algbi.  be  ae  great  a?  ±15^- 

figure  56  ahowe  the  total  absorption  of  the  1306  eB~l  CHj^  band  as 
ordinate  and  vP^^*^  as  the  abacicaa.  The  curves  are  not  as  close  as  in 
portioiu  of  Fig.  57.  It  la  possible  that  a  soiwvhat  different  value  of 
the  exponent  ol  P«  could  be  used  to  cause  the  curves  non  nearly  to 
coincide;  tovewr,  the  various  curves  In  Pig.  58  dc  not  for®  the  rele- 
tlve’y  rlr-'-  la'.tem  occurring  In  the  corresponding  figures  discussed 
earlier;  for  exaaple,  n  portio;:  of  the  curve  correapondlng  to  10  m  Bg 
lies  betveen  the  c.irves  corresponding  to  50  n  Bg  and  200  m  Bg.  It 
la  apparent  tbat  an  increase  in  the  value  of  the  exponent  of  Pg  vould 
tend  to  cause  the  tvo  curves  corresponding  to  760  and  50  v  Eg  to  oeeu.r 
vlosei  together;  but  on  the  other  hand,  the  curvea  corresponding  tn 
.  0  BB  og  and  yj  bb  Kg  would  be  further  separated.  n>e  value  0.6  vas 
'.!'Sd  an  a  noulntl  value  for  the  exjonent. 

Since  the  curves  of  fig.  f8  are  not,  an  close  tegrtber  as  the  eerre- 
sponding  curvea  for  othei  bhnds,  it  is  probable  that  any  evplrlcal  cqua* 
tions  derived  frc«  them  vould  b«  leea  accurate  thaa  the  equations  derived 
for  the  other  bands.  The  foUovlag  equations  vhleh  vere  obtained  for 
tbs  1506  oa'l  CBu  band  are  believed  to  be  capable  of  yielding  correct 
veluea  of  total  abaortvion  to  vxthln  il5^  for  tba  conditions  specified: 


fov 

and 


Ja{v)av  »  7.5  [vP,0.6j3.**' 

tO  <, jA(v)dv  <  150 

V' <  P,  •:  76'>  Sg  .  (12) 


for 

and 


jktv)iv  •  •'9''>  »  lir  log 
W ^^»^v)dv  <  MK*  Ct?*^ 

if  <  160  MS  Kg  .  (I5) 
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So 

So 


I  cu 
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VIII.  SUWttHY 


The  '.■LT'.  'overed  in  the  present  report  has  aealt  vlth  the  infrared 
absorption  o£  the  nlnor  atnuspheric  gases  nitrous  oxide,  uarbon  monoxide, 
and  methane.  Seapl<-«  consisting  of  tSeae  gases  alone  and  in  binary  mix¬ 
tures  vith  nitrogen  have  been  investi^ted  over  aide  ranges  of  absorber 
concentration  w  and  total  prtssure  P.  Proa  the  observed  absorption  for 
each  band,  it  has  been  possible  to  present  curves  shoving  total  absorp¬ 
tion  J'A(v)dv  for  various  values  of  absorber  concentration  as  a  function 
of  equivalent  pressure  P^,  vhlch  is  a  parsMter  that  Includes  the  total 
pressure  P  and  a  small  additional  term  proportional  to  the  partial  pres¬ 
sure  of  the  sbBorblng  gas;  the  magnltv'de  of  the  additional  tera  la  also 
dependent  on  the  value  of  a  "self-hroadenlng  coefficient,"  defined  in 
the  report  and  measured  experimentally  for  each  absorption  band.  '  other 
set  of  cuarves  for  each  hand  shovs  the  total  absorption  for  various  equiva¬ 
lent  pressures  as  a  function  of  absorber  eoaeentiation.  ISie  curves  pro¬ 
vide  a  basis  for  the  prediction  of  total  abaoiptlon  for  any  values  of  v 
and  ?fi  included  in  the  vide  range  of  these  paremetcre  covered  In  the  ~ 
stud:'.  Kxtvnsive  tables  included  at  the  end  of  the  report  provide  addi¬ 
tional  absorption  data  for  use  by  other  Investlgatore  vho  may  he  interested 
In  ataospherlc  transmission  or  in  store  general  pi'obleus  of  aosorptlon. 

Hie  experlstental  penults  are  compared  with  various  theoretical  pxe- 
dlctlona.  For  values  of  w  and  P,  for  which  the  "strong- llns  approxlaation" 
predicts  the  dependence X^(v}  dvatrt|vF^,  it  has  been  fountl  that  j'A(v  )Uv  la 
indeed  roughly  proportional  tu  -VT  but  not  to  For  sufficiently  large 
values  of  F,  overlapping  of  lines  causes  total  bsrd  absorption  to  approach 
a  "latuiation  value";  for  very  low  values  of  P,  the  total  abuorptlon  for 
a  given  absorber  concentration  also  approaches  a  limiting  value  for  which 
the  Dcppler  broadening  of  lines,  Inlependent  of  pressure,  predominates. 

It  has  been  possible  to  obtain  empirlcRl  equations  reistiag  total 
absorption  to  w  and  P#  for  certain  Halted  values  of  total  absorption 
v)dv  and  equivalent  pressure  P«.  The  limits  of  validity  for  such 
equations  are  discussed.  The  empirical  squaUons  are  s»esnrtMd  in 
Thbie  (. 

By  studying  total  absorption  at  sowll  values  of  absorber  oonoantia- 
tlon  v  snu  Sufficiently  large  values  of  equivalent  pressure  P^,  it  has 
bean  passible  tu  ubtain  values  for  the  Intensity  fli(v)dv  for  the 
various  bends  studied.  Present  result(>~have  ixien  eumpared  with  the 
valuus  repoited  by  other  Investigators.  Tt.e  valuss  obtsinsd  for  hand 

Ial.eiu.  L  Lit  r.  a:-v  a'uuMJr-.  1  iel  io  Ibbli 

A  sc'-ond  se*'  of  cos^r'sons  of  the  present  results  with  existing 
theories  has  involved  studies  of  the  absorption  A(v^  In  spectral  resloas 
c-  saxlmum  absorption  xi>  the  P-  and  R-branehes  of  various  bauds.  lu 
most  'nnec  it  wa^.  fcund  that  A'v)-'  'fv  over  uertaln  raans  uf  u  sod  P^( 
bowevcr,  it  unb  rcona  tjjat  rsie  proportionality  A(v)*''Vre  was  rarely 


U3 


ol>serve(l.  The  posatble  effect  of  week  lines  adjacent  to  strong  oneii  Is 
discussed  as  one  caufic  of  tl.e  failure  of  the  "strong  line  approxlaaklon" : 
weak  Unas  are  always  present  in  ihe  wings  of  absorption  ba>^ds,  but 
sometlnns  are  not  present  near  the  regions  of  saslBUB  absorption  In  the 
P-  and  P-bianobes. 

It  Is  hoped  chat  the  present  results  can  be  used  as  a  basis  for 
the  developsiect  of  ade(iuate  general  theories  of  absorption  in  the  in¬ 
frared  spec  tit.  of  gaeSo  aS  Well  Ao  lu  juOin  Iwumdlateljr  "piawLlual" 
studies  of  the  atmosphere. 
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la  abovn.  Abaence  of  Mg.  No.  indlcatea  apectnin  la  not  abovn.  Uncerutntlea 
of  valuea  of  A(v)  and/A(v)dv  are  dlacuased  la  text. 
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7? 
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1.9 
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82 

6 

O.OOU 

3055 

2.00 

5.5 

3.0 
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pla  60 

85 
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1.05 

1.0 
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34 

0 

0.00072 

96.0 

1.21 

2.1 

1.7 
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85 
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66 
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1.9 
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97 
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3035 
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1.9 
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0.9 
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89 

6 
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3035 
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88. 

90 

6 

0.00033 
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0.55 

0.8 
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91 

6 
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3035 
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0.9 
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aa  wf  1/50 
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add^  to  aaa- 
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92 

6 

0.00CI.4 

6.5 

0.37 

0.5 
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Oi 

£ 
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0.7 

aa  Bg  of  1/50 
NgC  alrr’ira. 
Uai^la  93. 
addad  to  aaa- 
Rl*  92. 

y.  (Conti  liuAd) 
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* 

94 

6 
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0.5 

0.4 
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?5 

6 
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3035 

0.35 

0.6 

0.5 
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aMffl*  95:  ^2 
•ddnd  to  saa* 
pl«  94. 

9o 

7 
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48.0 

2.18 

5.4 

3.2 

a«vlea  96- 

97 

7 

0.0033 

90.0 

3.95 

6.4 

5.7 

101: 1/50 

48 

7 
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6.96 

U.2 

9.9 

Btstura  alone. 

99 

7 

0.0098 
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11.33 

18.5 

16.1 
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»T 

0.0136 

375 

15.4 

25.0 

22.0 
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0.0223 
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25.7 

37.5 

35.5 
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5 

0.0016 

9.1 

1.50 

2.1 

1.8 

Savlta  102- 

103 

y 

0.0024 

13.3 

1.87 

2.7 

2.5 

112:  1/10  %0 
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s 

0.0032 

17.8 

2.43 

5.8 

3.3 

alstura  alone. 

103 

5 

0.0045 

25.8 

3.34 

5.1 

4,6 

106 

3 

0.0065 

36.4 

4.82 

7.3 

6.6 

107 

5 

0.0091 

50.6 

6.46 

10.0 

9.0 

108 

5 

C.OI65 

103 

12.76 

19.1 

17.3 

109 

5 

0.C295 

165 

19.50 

26.9 

26.3 

UO 

5 

0.0500 

26l 

30.7c 

45.4 

4J.8 

m 

5 

O.IJ730 

418 

41.90 

61.6 

56.5 

112 

5 

O..II50 

644 

57.CO 

78,8 

73.0 

Fntl.  Uactb  -  6.35  ea 

U3 

10 

0.0371 

5.6 

6.4 

8.5 

8.35 

Ha^e  U3i  5.0 

U4 

10 

0.0371 

8.1 

7.0 

9.3 

8.97 

m  Mg  of  RoO'. 

U5 

10 

0.0371 

u.e 

7.9 

10.6 

10.1 

Saivlee  uX* 

U6 

10 

0.0371 

20.5 

9.6 

13.4 

12.53 
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U7 

10 

0.0371 

32.6 

U,4 

16.2 

15.5 

V)  ewokle  U5. 
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10 

0.0371 

49.6 

13-7 

19.6 

18,0 

U9 

10 

0.0371 

98.1 

17.6 

26.2 

23.8 

120 

10 

0.0371 

1&2 

22.2 

34.2 

51.1 
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0.0371 

298 

26.2 

41.3 

33.0 
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0. 0^** 

c  < 

^ 

6.5 

8.23 
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o.ojVi 

44.% 

13.9 

i?:: 

17.9 
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10 

0.0371 
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27.9 

37.6 
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10 

0.0371 
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52.3 

51.0 

45.0 

l.<»6 

0.0371 

)530 

35.9 

58.0 

52.4 

127 

0.0371 
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10 
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uo 


n. 

'i.' 


-"V 


TU)la  (Cuutluucd) 
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OH 
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wm 

iKiy 

129 

10 

0.07* 

U.2 

11.5 

15.7 

15.3 

130 

10 

0.07* 

21.2 

1*.5 

20.0 

18.5 

131 

10 

0.07* 

51.2 

19.8 

28.7 

25.7 

132 

10 

0.07* 

101 

26.0 

39.0 

3*.2 

153 

10 

0.07* 
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53.2 

*9.7 

*3.5 

13* 

1C 

0.07* 

*00 

*2.7 

63.5 

55.5 

1?5 

10 

0.07* 

7*0 

*9.-i 

75.2 

66.5 
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0.07* 
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U.7 

15.9 

15.5 

IS( 
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101 

25.8 

36.7 

35.0 
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0.07* 
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*8.8 
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65.7 
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5*.0 
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2295 

55.5 
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10 
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85.7 
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10 
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0.1*8 

Tie 

62.0 

90.1 

85.0 

1*9 
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0.1*8 

2515 

70.5 

95.5 

9*.0 

151 

1C 
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0.37 

1213 

82.8 

97.9 

98.x 

‘59 

0,57 

1985 

0;..' 

wo.u 

9C.5 

i6c 

C.Tf 

10’  , 

e*.5 

90.2 

98.9 

Ifl  9  O.Tk 

9  0.7^ 

li'-’  9  0.7* 

i6*  0.7* 

l6j  9  07* 

366  0  7* 


X:2 

70.* 

181 

77.6 

29C 

•  »  •» 

v/e  J 

*79 

"f:.8 

767 

K.r. 

1550 

'»2.2 

53.5 

»6.5  85.0 

y>.i  91.9 

;6.6  ?6.i 

98.*  'J6.> 

•lO.O  ?V.* 

99.5  99.6 

9?-3  99.8 


Si^e  129; 
10.0  B  3c  of 
IbC.  SkiVle* 
130-135:  Ife 

•dd*d  to  Ma¬ 
ple  129. 


Sai^e  I36: 
IC.C  m  Se  of 
1^0.  OHvlee 
137-1^1:  % 
added  to  aaa- 
Ple  136 

Sample  1*2; 
20.0  aa  It  of 
ibO.  aan^ai 
1*5-151:  "2 
added  to  aaa- 
ple  1*2. 


Sample  152;  :« 
aa  Hof  ^eO. 
Hiaylea  155- 
l60t  Mg  added 
to  aaatple  152. 


iaapl*  161 r 

100  aa  H  of 
HO.  aa^iTB 
)t«-lb7i  H 
added  to  oaa- 
l>le  161. 


9 


9 


166 

169 

170 

171 

172 
175 


1  1 
1.51 
9  1.51 
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TaLle  Data  for  the  cm  CO  Band 


The  Fig.  No.  corresponds  to  the  figure  in  which  the  spectrum  of  each  s'is;'‘o 
is  shown.  Absence  of  Pis.  No.  indicates  spectrum  is  not  shown.  Uncertainties 
of  values  uT  A(v)  ana  J'Aiv)dv  are  discussed  in  the  text. _ 


SaiqpXe 

No. 

-RiT 

No. 

V 

(atmos  cm) 

— PT  , 

turn  Hs) 

fA(v)dv  A(2168) 

A(2116} 

Remarks 

Path  Length  «  1 . 55 

cm 

1 

23 

0.00096 

5.4 

0.14 

0.18 

0.20 

Sangjle  1:  5-4 

2 

0.00096 

107 

0.24 

0.25 

0.25 

mm  Hg  of  mix- 

? 

0.00096 

670 

0.26 

0.30 

0.30 

ture  of  1/10 

4 

23 

0.00096 

3020 

0.27 

0.32 

0.52 

CO  and  9/10  I^. 

Sandies  2-4: 
Ng  added  to 
scuqple  1. 


5 

23 

0.00154 

49.5 

0.31 

0,36 

0.37 

Samples  5-7: 

6 

0.00154 

313 

0.39 

0.43 

0.40 

8,6  Di  Bg  of 

7 

23 

0.00154 

3040 

0.39 

0.43 

0,4c 

mixture  of  l/lO 
CO  and  9/10  Ng 
added. 

8 

23 

0  00262 

15 

0.36 

0.35 

0.51 

Sample  8:  15 

9 

0.CX&6S 

40.7 

0.45 

0.47 

0. 

iMi  Bg  of  mix¬ 

10 

23 

0.00262 

106 

0.56 

0.65 

0.56 

ture  of  1/10 

U 

0.00262 

256 

0.64 

0.72 

0.65 

00  mnd  9/10  Hg, 

12 

0.00262 

738 

0.68 

0.74 

0.68 

Caqtlts  9-13: 

15 

0.00262 

3020 

0.69 

0.76 

0.70 

Vg  added  to 
t«q|>le  8. 

14 

23 

0.00435 

25 

0.55 

0.50 

0.5c 

Suisple  14;  25  >a> 

15 

0.00455 

6« 

0.68 

0.70 

0.68 

Bg  of  mixture 

16 

23 

0. 00455 

245 

0.91 

1.0 

0.05 

of  1/10  CO  and 

17 

0.00435 

619 

0.99 

1.1 

0.95 

9/10  N2.  Sam- 

18 

0.00455 

1315 

1.03 

1.2 

1.0 

plea  15-19: 

19 

i-j 

0.00435 

v«o 

1.09 

1.3 

1.1 

•died  to  aai^^le 
14. 

.’0 

25 

0.00705 

40 

0.84 

0.85 

0.7 

Sample  20:  4o 

21 

o.wC7v3 

93 

1.10 

l.l 

1.0 

mm  Bg  of  mix¬ 

22 

25 

0.00703 

220 

1.4o 

1.5 

1.2 

ture  01  1/10  CO 

23 

0.00705 
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1.60 

1.7 

1.4 

mad  9/10  No. 

d4 

u.oo'fU3 

1320 

1.87 

2.2 

1.7 

Semples  ^1-25; 

25 

23 

0.00703 

3020 

1.91 

124 

2.2 

1.7 

B2  added  to 
eei^l*  20. 

Table  4.  (Continued) 


gple 

to. 

Fig. 

No. 

W 

(atmoB  cm) 

r. 

‘e 

(na  Hg) 

(CQ-I) 

TTSTTWr- 

Remarks 

26 

23 

0.010? 

6.1 

0.48 

o.4o 

0.38 

Sea^le  26:  6.0 

27 

23 

0.0107 

25.0 

0.84 

0.85 

0.70 

m  He  of  CO 

28 

0.010? 

52.0 

1.11 

1.10 

0.68 

alone.  Susies 

29 

23 

0.010? 

U8 

1.51 

1.70 

1.40 

27-32:  Ife  added 

30 

23 

0.0107 

314 

2.14 

2.45 

1.90 

to  sangple  26. 

31 

25 

O.Olv,? 

720 

2.50 

2.95 

2.35 

.32 

25 

0.010? 

3020 

2.85 

3.4o 

2.70 

53 

25 

0.0176 

10.6 

0.81 

0.73 

0.72 

Seuqple  33:  10.0 

31* 

25 

0.0176 

22.2 

1.L2 

1.1 

x.u 

mo  Hg  of  CO 

35 

23 

0.0176 

49.9 

1.63 

1.5 

1.3 

tdone.  Saavles 

36 

25 

0.0176 

157 

2.6 

2.2 

34-39:  Ng  added 

37 

23 

0.0176 

412 

5.48 

3.7 

3.2 

to  sample  33. 

38 

23 

0.0176 

1005 

4.14 

4.7 

3.7 

39 

23 

0.0176 

3020 

li_<7 

5.6 

It. 3 

4o 

23 

0.0362 

20.9 

1.57 

1.4 

1.2 

Sample  40:  20.5 

4l 

23 

0.0362 

45.6 

2.32 

2.2 

1.9 

m  Hg  of  CO 

4S 

23 

0.0362 

131 

3.79 

3.5 

3.1 

alone .  Sau^lea 

1*3 

23 

0.0362 

254 

5.10 

4.9 

4.2 

41-46:  H)  a^ed 

1*4 

23 

0.9362 

692 

7.09 

7.4 

6.1 

to  saatple  4v), 

1*5 

23 

0.0362 

1520 

8.43 

9.3 

7.1* 

46 

25 

0.0362 

3020 

9.33 

10.3 

8.1 

47 

23 

0.0722 

41.8 

3.39 

5.2 

2.7 

Saagple  4?:  4l.o 

1*8 

25 

0.0722 

85 

4.70 

4.5 

5.7 

OB  Hg  of  CO 

49 

23 

0.0722 

189 

6.75 

6.2 

5.5 

alone.  Saat)les 

50 

23 

0.U722 

371 

9.05 

0.7 

7.5 

48<53:  added 

51 

23 

0.0722 

788 

11.97 

U.9 

9.9 

to  tanvle  4?, 

52 

23 

0.0722 

1520 

14.65 

15.4 

12.5 

53 

23 

0.0722 

3020 

16.76 

16.4 

14.6 

54 

29 

0.165 

95*3 

0.3 

7.3 

6.4 

Eaq^lea  54-59: 

55 

29 

0.349 

2D3 

17.6 

15.2 

13.8 

CO  alone. 

56 

29 

0.709 

412 

54.4 

29.3 

26.1 

57 

29 

1.31 

761 

60.7 

51.7 

46.1 

58 

19 

2.67 

1555 

lOC. 

84.5 

78.7 

59 

29 

5.52 

5210 

157 

100 

99.7 

i?5 


Table  (Continued) 


UOplfr 

No. 

Pig. 

No. 

(atmos  cm) 

^  Pe 
(mm  Hr) 

_ (c° 

A(2168) 

A(2ir6) 

% 

EemnrkB 

Path  Length  «  6.35  on 

60 

24 

0.075 

10.2 

1.8 

1.4 

1.4 

Sai^le  60 :  10 

61 

0.075 

16.0 

2.5 

1.8 

1.7 

•aa  Hg  of  CO 

62 

2*t 

0.075 

27.0 

2.9 

2.2 

2.1 

alone.  Sandies 

65 

0.075 

45.0 

5.7 

3.1 

2.7 

61-70 :  Hy  added 

64 

24 

0.075 

86.0 

4.8 

4.1 

3.5 

tu  senile  60. 

nS 

0,075 

T70 

(^.9 

5,7 

4.8 

66 

24 

C.075 

292 

8.0 

7.5 

6.3 

67 

0.075 

492 

10.^ 

9.5 

8.1 

68 

24 

0.073 

735 

ii.7 

11.5 

9.2 

69 

2'! 

0.075 

1515 

14.5 

l-i.C 

12.2 

70 

24 

0.073 

2970 

16.3 

18.1 

14.1 

71 

24 

0.145 

20.4 

3.6 

3.1 

2.8 

flsamle  71:  20 

72 

0.145 

52.4 

4.6 

4.0 

3.7 

mm  Bg  of  CO 

75 

24 

0.145 

4<?.8 

5.6 

4.7 

4.2 

alone.  Saqples 

74 

24 

0.145 

88.5 

7.0 

6.1 

5.4 

72-80:  %  added 

75 

24 

0.145 

152 

9.1 

8.0 

6.7 

to  BCUgllc  71. 

76 

0.145 

202 

12.0 

10.8 

9.1 

77 

24 

0.145 

545 

15.9 

14.6 

12.5 

78 

0.145 

797 

18.7 

17.5 

14.9 

79 

0.145 

1545 

23.6 

23.2 

19.3 

80 

25 

0.145 

3070 

26.7 

29.5 

24.0 

8l 

24 

0.296 

42,0 

7.6 

6.3 

5.0 

3wVle  01:  41 

82 

24 

0.296 

64.0 

9.2 

7.7 

7.0 

M  Bg  Of  00 

85 

24 

0.290 

95.0 

U.O 

9.4 

0.3 

alnne.  Banles 

84 

24 

0.298 

l't8 

13.4 

11.4 

10.4 

82-91:  1I2  added 

85 

rii 

0.298 

0.51 

16.3 

I.'.;,  3 

12.3 

oom^le  61. 

86 

24 

0.296 

335 

19.5 

17.0 

14.9 

87 

24 

0.298 

450 

22,2 

15. 0 

17.1 

88 

25 

0.2^ 

747 

27.5 

24,2 

20.5 

89 

25 

0.298 

1470 

35.8 

32.3 

27.7 

90 

23 

0.296 

2260 

42.0 

4o.O 

33.0 

91 

25 

0.296 

2960 

46.5 

44.2 

36.2 

92 

24 

0.440 

59.0 

10.9 

6.6 

8.2 

Siuiple  92:  38 

93 

24 

0.44c 

84.5 

12.5 

10.7 

9.6 

ua  Hg  of  SC 

94 

24 

0.44o 

155 

16.5 

14.0 

12.7 

edobt.  Suable  ■ 

24 

U,  4UU 

1 .  :• 

1(,V 

h-( 

96 

26 

0.440 

341 

24,5 

20.8 

18. 5 

added  to  MiBle 

VT 

2b 

0.440 

28.-4 

24.0 

20.8 

92. 

98 

26 

0.41t0 

727 

34.6 

29.0 

24.7 

99 

0.440 

1240 

42.4 

31.7 

100 

26 

0.440 

1660 

48,7 

42,6 

56.2 

101 

0.44o 

2X60 

52.9 

47.6 

4o.3 

loe 

26 

0.440 

2955 

58.8 

53.3 

45.5 

12u 


to 


1 


103 

26 

0.800 

112 

19.9 

.16.2 

II.5 

Rauple  103:  UO 

104 

26 

0.800 

164 

21.0 

19.3 

18.0 

m  Hg  of  CO 

105 

06 

0.80C 

2U7 

2T.9 

23.2 

20. -3 

alcoe.  .niiwmii.g 

106 

26 

0.800 

388 

35.1. 

26.2 

lOl-Ui!:  I»2 

icn 

25 

u.Soo 

515 

39.5 

.53.0 

29.3 

added  to  saople 

108 

26 

0.800 

71*8 

17.1 

l-o.-j 

51.8 

103. 

iw 

25 

O.SOi' 

1260 

50.1 

ly-o 

1*3.0 

uo 

26 

O.ttiXi 

1615 

6^.6 

55.6 

48.2 

lU 

■26 

2215 

i:.2.0 

5I  4 

112 

26 

0.800 

291*0 

61.3 

6(5.5 

60.*! 

U3 

26 

1.1*8 

207 

37.5 

30. G 

27.5 

Sample  U3:  203 

26 

1.1*3 

301 

45.2 

36.0 

3i;.2 

m  Hg  of  CO 

U5 

?6 

1.1*8 

161 

51. 5 

I5.2 

39.0 

alone.  Samlet 

116 

26 

1.1*8 

752 

56.5 

52.8 

17.2 

U'i-120:  Up 

U7 

1.1*8 

121c 

81.3 

61.0 

57.0 

added  to  aaaple 

U8 

26 

1.1*8 

i960 

45.;) 

71.3 

66.2 

U3. 

U9 

1.1*8 

2310 

100 

78.5 

70.6 

120 

26 

1.1*8 

3060 

uo 

82.0 

76.6 

121 

25 

2.?1* 

lu 

70.2 

56.0 

41.0 

fla^pla  121:  lOl 

122 

25 

2.4'* 

591 

8o.2 

65.5 

58.5 

■a  E^.  of  CO 

123 

?' 

2. 01* 

853 

93.1 

76.0 

66.0 

alone,  aaivlaa 

124 

25 

2.9‘* 

iifo 

106 

6C.8 

71.5 

122<12T:  Us 

125 

25 

2.91 

1770 

U9 

a<.8 

81.5 

added  to  MaBlt 

126 

2.91 

2295 

127 

52.8 

88.8 

121. 

25 

2.91 

0960 

13) 

56.8 

51.2 

126 

25 

5.55 

m 

U) 

81*. 1 

•,'9.2 

auvle  12dt  76i 

129 

25 

5.55 

1180 

129 

92.6 

84.2 

■a  8b  of  CO 

130 

5.55 

11*65 

136 

96.0 

51.  .5 

alnne.  Sa^lea 

131 

25 

5.55 

1815 

115 

95.2 

95.0 

129-1331  *8 

132 

5.55 

2295 

152 

96.8 

97.0 

added  to  aavla 

153 

25 

5.35 

29)5 

158 

99.2 

98.1 

128. 

13** 

25 

10.9 

1330 

'!■'.* 

99.7 

98.8 

aaivln  131 1 

135 

1U.9 

I8I1O 

169 

100 

99..' 

1500  w  Si  of 

156 

10.9 

2295 

172 

99  7 

99.5 

CO  alone.  8u- 

13'.' 

25 

10.9 

5085 

170 

100 

44.5 

plee  155.1 57 « 

\  aildtd  to 

iiuvl* 


i?r 


I 


! 

i 
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Tlible  ^ .  (Continued) 


Soa^lc 

Ho. 

"HT" 

So. 

RSIS 

mm 

Ini 

138 

25 

16.6 

2325 

162 

99.t 

9':'.  5 

138: 

139 

25 

16.6 

5l’*o 

i9r 

99.7 

99.7 

2280  Ml  Be  of 

CO  klonc.  ehM- 
ple  139:  Ife 
aOdad  tt.  BUM- 

pie  13^:. 

i'} 

22.2 

5115  19**  99.6 

Path  Inocth  ••  *00  cm 

99.6 

Sw^le  xlO: 

3050  M  He  of 

00  alone. 

M 

27 

1.32 

3.0 

6.0 

1.1 

1.3 

Saivla  111:  2-9 

Ihs 

27 

l.j2 

5.3 

6.9 

5.2 

1.9 

M  le  '  e  CO 

1^3 

27 

1.32 

10.0 

9.k 

5.6 

6*6 

aloaa.  OmvI** 

27 

i.;a 

26.2 

U.2 

10.9 

10.0 

112-119!  \ 

llkS 

27 

1.32 

61.1 

19.7 

15.6 

11.7 

ad4a4  to  aaavla 

lli« 

27 

1.32 

170 

33.6 

26.1 

21.2 

111. 

Ur 

27 

1.32 

505 

51.6 

12.2 

38.3 

27 

1.52 

1520 

81.9 

66.8 

60  0 

lk9 

27 

1.32 

2970 

ltt.6 

61.8 

71.0 

VO 

au 

2.62 

5.8 

IC.O 

6.8 

6.6 

«a«U  159!  5.7 

151 

26 

2.62 

10.3 

1,5.6 

9.0 

a.5 

M  B|  of  00 

28 

£.62 

29.2 

20.9 

15.0 

11.9 

alooa.  li^plea 

26 

2.62 

».J 

29.0 

21.1 

19.1 

151-157:  % 

155 

ce 

2.62 

186 

16.7 

3«.l 

33.3 

ad4ad  to  aa^plt 

155 

28 

2.62 

505 

73.2 

56.7 

52.2 

XV>. 

156 

26 

2.62 

1520 

109 

92.0 

75.9 

157 

28 

2.62 

99N 

131.5 

95.0 

90.0 

»!* 

28 

6.82 

10.9 

17.8 

13.6 

12.9 

2mp1«  156:  10.7 

iw 

26 

1.62 

25.  S 

26.0 

20.2 

19.0 

M  He  of  00 

160 

26 

k.tt 

65.5 

36.6 

30.8 

28.6 

nlOM.  Ik^^laa 

I6l 

28 

6.82 

60.2 

17.5 

11.2 

159-161!  ^ 

16C 

28 

6.62 

510 

?5.6 

71.7 

66.8 

a44a8  to  taaol* 

163 

26 

1.82 

152V 

131. ‘ 

9*  5 

on.n 

'38. 

16k 

26 

k.82 

9^ 

151.0 

>$.8 

77.3 

I 


TUiX*  H.  (Coatlouad) 


R9i 

■Hg- 

Ro. 

W- 

(ktaoa. 

HRSWI 

x65 

26 

Ik.k 

52.6 

50.7 

39  > 

36.* 

amplt  165:  32 

26 

I'l.'i 

63.6 

»  .faVi 

>'..9 

53.  j 

SB  ^  ^ 

26 

Ik.k 

Tin  r. 

Al  > 

•fC  ^ 

slcss. 

166 

26 

la.k 

756 

150.9 

96.1 

96.6 

l66-ri'o: 

169 

26 

li».it 

1520 

170.1 

100 

99.9 

•dd*i  to  (Mi- 

170 

26 

Ik.fc 

2970 

183.* 

lOO 

ICO 

(il*  163. 

ITl 

26 

*5.6 

101 

123.3 

69.0 

62.9 

aM«i«  171*  100 

172 

26 

*5.6 

257 

156.8 

96.6 

97.* 

H  li  of  00 

175 

26 

*5.6 

T71 

ie*.6 
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•loo*.  fiiipic* 

ITa-iVJi  It 

iU- 


17* 

27 

C.*6 

1.0 

2.*7 

1.8 

1.6 

SRiVlM  17*-'.79! 

175 

27 

0.91 

2.0 

*.35 

5.1 

2.9 

00  alsft': 

176 

27 

1.37 

3.1 

5.76 

*.S 

•.7 

177 

27 

2.26 

5.1 

6.70 

6.7 

6.2 

176 

t! 

9.10 

20.* 

31.90 

25.6 

23.3 
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27 
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APPKHDIX  I 
ADSORPTIOB  EFFECTS 

It  la  a  vell-knovn  phenoaenon  that  gasea  are  adanrhed  on  the  aurfanaa 
nf  cont-'liiere.  Becauae  of  the  aa^llnc  procedure  used  la  the  present 
study  It  vas  neeesEsry  to  Investigate  the  poaalMllcy  of  aaepling  eri-  .jt 
which  Eight  •■rls-  st-  a  result  of  such  adsorption. 

The  abscrher  ouncentratlon  w  for  a  given  aaaple  was  deteialned  hy 
measuring  the  partial  pressure  of  the  ahsoming  gas-  If  one  could  aaauae 
that  1  negll^.h'i.e  axount  of  gas  vaa  adaorhad  the  cell  vlndovt,  the 
amount  of  absorbing  gas  trmversed  by  Infimrctd  radiation  would  he  given 
by  the  proditct  of  the  celi  length  and  the  partial  pressure  of  the  eaa, 
ret^nUess  of  any  adscmtlon  on  the  cell  wells.  However,  when  nitrogen 
la  added  to  a  sample  of  abs.trhlng  jes  as  was  done  In  the  present  Inveett- 
gs-loh,  the  question  arlues  as  to  bow  much  ebeorblng  ^a  remains  In  the 
opUoal  i<ith.  It  stent  jossibie  that  the  nitrogen  might  displace  aoaw 
of  the  absorbing  gas  from  the  cell  wells;  this  effect  would  result  In  a 
greater  amount  of  absorbing  gas  in  the  optical  path. 

Pcrvnsr  arul  Hehei^' ,  in  a  study  of  Infiered  sbsoiptlon  by  CO  at  high 
pressures,  found  that  tte  CO  eoneantration  did  ineraasa  as  nitrogen  was 
added  vO  produce  bigb  total  pressures.  They  attributed  tM  inereass  to 
an  ''aiiorption-dsturption''  process  In  which  CO  was  adsorbed  on  tae  sell 
walla  end  turn  was  olsnlaced  by  Ij  which  was  addta  later.  The  CO  coa» 
cent'^tt-'::  In  portiouc  of  the  ssapU  Ukan  froa  the  call  ves  dstendasd 
by  Fe.uwr  nnu  Wener  with  a  mass  epeetruaetsr. 

Tn  the  preaeul  cucy  i.o  mss  spectrometer  was  available  to  use  to 
monitor  the  absorber  concentration.  However,  revere i  exparlmests,  wmieh 
Involved  the  three  gs***  CO,  IsO,  and  CB^  In  the  three  dirrsrest  atsory* 
tlon  celle,  were  performed  Ir  order  to  galo  •  better  undaretaadlag  of 
such  au  advji'plluii  •  deeurptlua  prucets  and  to  datoielna  vhlch  aam^Umg 
procedures  could  be  sspected  to  yield  mlnimua  suMUng  error.  As  a  re* 
suit  of  these  experlaents,  along  with  what  is  generally  known  about  ad¬ 
sorption,  the  foll-yviog  conclusions  were  made  and  the  cot  reepnedine 
sampllnr  ''celurea  were  decided  upnni 

fi)  it  was  found  the  adsorption  was  essentially  cce 
piete  within  a  periud  vf  a  itw  seconds  alter  ci*  absorbing 
Me  hsd  been  added  to  an  evacuated  ueli.  Ibla  pbenoMnoB 
wae  Checked  by  adding  e  taql;  of  absorbing  gss  (HjO,  CC 
end  i->  1.  *•:!  whi.e  aoalt~n*.s  the  laLfiervil  aUuipuoo 
by  the  saanle.  The  infrared  abnurptlen  was  nnvsr  found  an 
deeresee  signlftcently  sfter  ths  sample  had  bee;i  added, 
thus  indicating  that  no  absorber  was  dlsmppeertnf  fmm  tba 
optleei  path  as  n  reault  of  slow  sis:rptlua  by  the  eell 
wells,  rule  axpeiiMot,  nf  course,  did  not  prove  that  Uieie 
bad  bean  any  adsorptlrn  at  all;  but  iuiula:  adsorpUuo  was 

conflr^d  by  the  ne»r.  eKperlMm*. 


(11 )  la  Um  Meond  •xp4rlMDt,  sm  •biorblne  addtd 

to  an  initially  avaeuated  rail;  «aa  then  added  and  an 
abaoiptlon  apectrj*  «aa  obtained  iHMdlately.  The  eaaplc 
we  allOMd  to  reaaln  in  the  cell  and  epeetra  vtre  reeordeo 
perlodleally  for  eeveial  boura  or  even  days,  in  aost  eases 
the  Infrared  absorption  ass  found  to  Inereaaa,  Indicating 
that  the  aaount  of  abaorbar  In  the  optleal  path  was  Inereaa- 
Ini;.  Ilils  Increase  eas  found  to  take  place  rather  slovly; 
vlthln  a  fev  ainutes  only  >  alignt  Increase  In  abaorptic:i 
vas  observed,  but  after  a  fev  hours  the  locraase  in  absorp¬ 
tion  alght  eorreapond  to  as  aucb  as  a  10  to  20i  Increase  In 
absorber  concentration  In  extreae  cater.  Berauac  of  tha 
alcvneaa  vlth  which  the  '’detorptlon"  took  place,  the  saapl- 
Ing  error  waa  alnialsed  by  asking  a  tat  oi  runs  within  as 
short  a  tlae  Interval  as  vas  practical.  In  no  east  mre 
data  used  vhi>.h  weie  obtained  froa  saaples  left  In  the  ab- 
sorp'tlon  cell  over  night.  Is  aost  cases  saaples  vers  not 
In  tha  absorption  cell  acre  than  tvo  •  three  hours. 

(ill)  It  ti  to  bo  expeeted  that  the  relative  aaouat  of  ^ 
adsorbed  and  displaced  by  Bo  dscreaset  with  laereaelng  par¬ 
tial  preature  of  the  ebcorhieg  |ps.  it  le  kSiA.n  that  tha 
aaouat  of  adsorbed  Is  spproslMtsly  prey«'tloeal  to  p*. 
where  p  Is  the  pressure  of  the  pa  and  e  has  s  valua  that 
say  not  bs  eoastant  but  It  alwye  leee  than  vaity;  Thus, 

It  It  to  ha  expeeted  that  the  fiaetlea  of  Um  pa  Uvsi  la 
hdssi'bed  dsuitsaas  vlC  Insnasing  pressure.  7«Ia  result 
waa  also  coofliwd  txperltaaUlly  la  tha  preaaot  studyi  a 
eegUglbla  taereaea  la  lafrared  ahtc>ipUoo>  If  aay  at  all, 
was  oboomd  arMr  addlag  Be  to  aoi^loa  hovtag  prtlal  pres- 
aurea  of  tho  ahoorbiog  paa  In  exeeae  of  »00.500  m  Bg.  ?he 
gieatott  rtUUve  laereaso  waa  obatrw<>d  In  Uhe  east  of  aasplaa 
lo  which  the  prtlal  presanre  of  tha  abaoelier  waa  betwees  1  sod 
10  88  8g.  for  this  .  'aeott  very  few  reaulta  are  iMladad  whteh 
lavolve  eagplae  foroed  by  adding  Bp  Vo  aai^loe  of  abserhlag 
gaa  hovliwt  a  prtlsl  preature  leae  thao  •  er  ;  as  Ig.  Short 
a’oaorptlea  eelU  (t.$5  ea  sod  6.51  ea)  were  eaed  la  ardor  to 
obvain  teaglat  of  low  alwv«M«  coaceatretloa  wlthowt  using 
•eslvety  Um  prtlal  preeauroe  of  Um  abcorhlag  pa. 

i\<e)  ;-nr«<4er«ble  itae  te  reeul'Wd  to  reoove  tha  adaertad  p* 
free  too  coll  valla  by  p«plag,  a  pUnoaneo  well-kaowa  by  any- 
e«e  Who  Iwa  net.t  win  htp.vecuMi  •ptaao.  Bowever,  teas 
of  the  retuIU  of  too  OKperlaeuUl  cheek*  -f  thle  psi  nasBCO 
•e«u  .urthy  uf  lUeeuevlvo.  A  Lfpluel  eapertaeot  Mpt  ao  OS 
folt.'wa;  A  naapt*  wt'h  •  pr*rs>.r>  t>T  epprexlaataly  IOC  aa  Ig 
of  BpO  was  put  lo  tho  c«: '.  sad  allowed  U»  eeola  far  a  Ibw 
tlouue.  the  rt’.l  r-a  thea  ^aad  to  tho  vaewsa  poop  oad 
puop-  for  opproalaabely  one  alau^  afte*  the  preetere  had 
beet,  reduced  U  0.1  an  Ig.  the  valve  to  the  cell  vaa  thea 
claaad  a«l  a  epeetrvas  or  the  Shirk  u«-'>  repoa  vaa  laaadlatoly 
acerwed  with  tha  eell  te  the  opllea'.  pth.  Bo  oKfiorptton  of 
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which  were  fonned  by  fi~*t  Introdfclr.g  sonie  Ng(say  20-J0  bb  Hg), 
then  adding  the  adsorbing  jjas,  end  finally  more  Ng  tj  the  desired 
pressure.  It  is  prf.tusied  that  the  first  Wg  introudoed  was  suf¬ 
ficient  tn  form  a  L»yer  of  Ng  on  the  cel  I  walla  before  the  ab¬ 
sorbing  gas  vha  introduced.  The  amount  of  absorbing  ^s  white, 
was  adsorbed  on  the  walls  was  apparently  reduced  beeauae  of 
the  presence  of  the  Ho  layer  on  the  cell  walls. 

This  result  suggests  that  the  samtle:  should  he  foreed  by  add 
Ing  Rg  bef'.'ie  the  absotblng  9S«  then  by  adding  mure  Ng  to  the 
desired  pressure.  AlU.ough  It  would  still  be  difficult  to  be 
sure,  one  alght  expect  that  some  absorbing  gas  would  displace 
aoae  Rg  from  tee  walls,  and  the  amount  of  abaoillng  gM  in  the 
optical  path  would  decrease.  This  method  of  forming  the  sampl' s 
haa  tha  disadvantage  that  the  partial  pressure  of  the  absorblu,, 
gas  cannot  be  measured  ns  accuratwly  when  it  li  being  added  to 
Rg  at  when  uba  cell  le  evacuated,  i'ur  e»aple.  If  lU  were 
added  to  a  cell  to  a  pressure  of  ICC  b  Hg  sad  R^O  aided  to 
thla  until  the  preteure  wma  10;  sm  Hg,  the  partial  proeaure  of 
R-.0  (;  B  Pg)  co-'ld  n..r  r>  .»•*•  as  sreiirsLelv  ai  If  the 

RgC  were  added  to  a  aBcumtad  cell  and  the  preteure  mtaaured 
with  the  absolute  preaaure  gauge. 

The  method  of  adllog  Rg,  then  the  absorbing  and  finally  enre 
Rj.  has  ths  further  dlsadvmatege  that  no  spectre  of  the  seaple  eau  be 
obtained  for  valuta  of  praeewtw  less  ts*a  tnt  pressure  of  the  Rg  IniUelly 
added  plue  the  partial  preaaure  of  the  abeerutag  (pu.  The  total  abaoip- 
tlnna  of  astral  samples  fntemd  by  rhts  aeth'<d  vert  eSHparOd  with  Ibes* 
of  eampies  believed  to  have  the  esB  veloes  cf  abaetber  eomteotvetion 
and  pressure  but  white  ware  ivntii  uj  «atreu»uitit  tM  abeortlng  'n 
the  cell  befe«e  the  Rp  was  added.  If  the  litter  sample  whs  formed  by 
adding  an  ab»«»btng  tt  th*  tell  efter  It  bad  eeea  flushed  with  Rg 
and  pumped  uoly  auffltileui.ly  iumg  U>  reduce  the  pre.vsuie  to  appreUBeely 
;.C««0.1  B  Mg,  It  WM  foutd  tbmt  the  sareeBSt  was  seed.  Ihls  reewlt 
suemeate  that  a  layer  of  hn  «t.*ii  reBlned  oa  the  nell  walls  alter  the 
Short  pBpiag  ptnoe  and  ssmea  tn  reaue*  the  adaorptiea  ef  ths  abeorhiag 
ipn. 


Another  method  weed  to  esUBte  the  emount  of  eempUng  error  arlalag 
from  aueorpiton-deeorptSon  v.'fects  wee  to  nemmere  epeetre  of  eeeplee  la 
two  differeat  celU  hut  with  va.uee  of  abetrher  eoneentrettob  tnf  egulve- 
lent  eieeeure  believed  to  be  eguml.  (Equivalent  prussuvu  Is  defined  abme 
1.  the  svcllea  eo  ttir-b'oadenlng. '  for  tma^U,  UgO  might  be  added  to 
the  l.f;-ee  eel I  to  a  preesure  of  iC  b  Rg:  RgO  wea  then  added  to  the 
f.tl-cm  sell  to  a  ereesutv  of  fC  s  l.tt.'n.it  •  !>  e  am  Rg.  Rg  «u«  theo 
edied  to  the  ft. IS. so  eell  ivr.rw  toe  equtwlese  poeeauiw  wes  tfte  miss  In 
Voth  celU-  BwUi  veils  Usen  Wed  Ihe  esB  ebsorher  eeMeatretlee  eeeepf. 
fur  ebemgea  le  the  6.>Vtm  eeli  due  to  edeorptlen  or  deeorptlM.  Rlwve 
the  Bhai  ter  eell  eoetetaed  omlv  R.ii.  no  error  la  the  daVeimlBtloa  at 
lea  abeerber  e«oee«treti<wi  ebauM 'arise  frem  edevrptlum  cr  mBeorptlom. 
Oampmnecft  of  the  ebeorpUom  apeetm  uf  the  too  Maples  ee.'-ved  to  glie 
aa  Imdleettea  of  the  ameent  of  c.:oarpttan-dreeipctwu  wUlcb  ii>ob  piss*  tn 
Ua  wil  eutalalag  both  Rj.c  »«a 


Saaplea  of  very  amll  abaorber  concentiatlon  for  CO  aitd  HgO  ware 
forsed  by  adding  to  th»  cell  alxturea  containing  a  kuovn  fi«etloe  cf  »i>- 
aorblng  gaa  (I/IO  or  I/5O)  in  ICg.  Tbe  alxtuiv**  were  irde  In  a  aeperi',. 
tank  by  adding  firet,  ar.d  then  the  proper  aaount  of  absorber  (CO  or 
N2O)  In  order  to  reduce  the  adsorption  of  the  absorber  or  the  valla  of 
the  tank,  “nie  ailxture  vaa  foraed  at  pressures  sufficiently  high  so  that 
the  reliitlve  error  In  asasurleg  the  partial  praasure  of  tnaeabaorblng 
gae  vas  aaalX.  An  electrically  drlvec  fan  In  the  tank  tiae  used  to  Insure 
uniform  alxlcg. 

A  portion  of  the  adxture  van  then  adaltUd  to  the  abaorptloo  call 
after  It  had  been  flushed  with  Ip  and  evacuated.  By  this  asthod  It  vas 
possible  to  use  saatplea  having  a  partial  pretsuia  of  the  abaorblng  gu 
equal  tc  c  f  me  lien  of  n  •">  cf  Hg,  without  having  to  Baature  pmssurtt 
less  than  5-1^  ib  Hg.  This  procedura  should  Increase  the  aceuiaey  of 
saapUng.  Higher  pressures  were  then  obtalncH  by  adding  acre  Hj  ^  ^ 
alxturs. 

Slnea  the  wat  addad  to  tha  alxlng  tank  first,  and  the  cell  was 
flushed  with  In  wfara  being  evacuaUo,  "ns  would  expect  on  the  basts 
of  tea  pravtous  dlscuasloa  that  thasa  enaUlaara  WDuld  hava  a  layer  of 
"a  on  tie  Mils  which  would  tend  to  laduec  tha  adsorption  of  tha  abaozt 
tr..*,  ?as.  Ont  would  further  expect  that  what  adsorptloa  did  tsVa  place 
would  occur  slowly  after  the  aaigls  was  adalttad  to  the  cell,  aad  that 
imy  chtagr  I,-,  tha  abaerhar  ceacaatiatlea  would  ha  a  daeraaee.  This  it 
in  coatnl^ «  10  tha  anpaetad  laetaaat  la  ahaorbar  eaaeaatraUea  easaad 
by  the  of  tbs  ■btcsblcui  »s  by  Bp  i^a  tha  ahaorhtag  gu 

was  adaitud  first  la  tha  uaual  way.  Baveral  sasgast  foraed  by  idgtuioa 
were  .  vArad  wiu  saiglas  which  were  belltwsd  to  bavo  tha  valuaa 
or  sbaurter  'ooeeatrattoa  aad  proesura  hut  were  ferwd  by  Svidtag  Iq  to 
tha  cell  after  tha  ahsoraiag  ^  was  adalttad.  Ihis  eegiarlsoa  sarvod 
aa  anotner  ioddeatton  of  Ut  aaoviat  of  arror  caused  by  s.uorpuoa  or  da> 
sorption. 

It  should  be  hotel  that  tht  axpartsaats  yarforasd  rare  tsaufftelsat 
to  prove  that  tha  proeasaas  daserlbad  abeva,  tueh  aa  tha  adaoipUoa,  tha 
dlsplav'«hr •. t  of  one  gte  nn  tha  call  walla  by  aaoUer,  tha  foralag  of  a 
lax«)  oue  gas,  aU-.,  eutwaliy  occur  la  tha  raaaar  suggsatad.  Xt  aaa 
wuly  ba  ••o  tSk  l  U,e«i’  gt',gueed  pi>n.-«e*e>  eeao  raaaooabia  ia  vtaw  oi  anat 
la  to  ba  fmtitd  in  noa  .itatwtuia  enecarsdhg  adaurptloa,  aad  that  they 
would  aeeouat  for  tha  laaul't  of  the  rany  aa^Uag  araartBsrta  whieh  ware 
yarfhcop*  ■ 

Aa  a  raeult  ul  vaaaa  exparlraabs  it  saa  ba  taasludad  that,  la  atadlaa 
sueb  aa  tha  ptoaaat  w«a,  uaio  aest  ba  tabaa  to  pnvoat  aaaasslao  saagUag 
arror  frra  adaoiptloa  affacia.  It  Is  baUaaog  that,  by  foMovlag  Mr 
aasgUaf  proead«rea  Jiuat  deaovihM,  errors  ta  the  dstarathsttoa  of  total 
aMorpttev  artalag  froa  adao-ptloa  afftcra  wtrs  held  to  loaa  thaa  twu 
or  three  yatt«ot  far  aaaplaa  haviag  Uo  partial  prvsawia  of  the  abaeralag 
ana  atvewr  thaa  >0  wm  ta.  aad  t^  lass  thaa  flvo  pere*at  for  aaaa  the 
•eallast  saaplx  'oad. 
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ABSORPTION  BY  CARPON  DTOYmp 


I.  inRODUCTira 


*ntli  report  li  tie  second  of  three  to  he  :publiBhed  in  the  prefer <. 
reieerch  proffima,  which  levolwet  the  Inveetl^tlon  of  the  infrered  eh- 
eorption  hj  ^lee  oecurrtr^t  la  the  etacephere.  Included  la  thle  report 
ere  the  reeulte  of  the  laveatlfktloa  of  the  ibeorptloa  hr  OOh  heada  et 
3761  end  3609  ee'i,  ei  2350  e«*^,  et  106k  tad  Ofl  ca"^,  and  in  the  epec- 
tiel  rente  fro*  075  -  **95  e«"^.  The  flret  report^  (hereafter  referred 
tc  iiv  Report  l)  in  the  pieieat  progr-ji  .■ontelns  leeulU  of  eheoiptioa 
■eeaureMBte  of  the  foUowlat  beada:  3£2h  er^  HjO.  21h3  ea~^  and 
It2fi0  e«-l  CO;  end  3OGO  oe*!,  I306  ca-1  ead  1550  ca*-^  CU4.  the  third  re- 
port^,  which  will  he  celled  the  Rlael  Report,  will  include  reeulte  of 
the  Mecureaenta  of  other  RpO  heada  ead  eoae  e  treat  IgO  heada  ae  wall 
ea  a  aeetloa  deallut  with  the  ’relative  hreedealat  ehllttlee*  »f  differ- 
eat  tMes.  The  eoeteata  of  thaaa  three  reporte  aie  lateaded  to  au^ple- 
neat  earlier  wort  reported  by  Reward,  Burch,  and  ViilieM^  (hereafter 
referred  to  ea  BM)  which  lacliided  MeaureMate  of  CO^  *  ‘■.cO  aheor^ 
tloa. 


The  work  by  W  waa  lialtad  to  fradwaaelee  treater  thee  epfroxl- 
aately  ^70  eo*^  beeeuee  of  the  Ualtatloae  of  the  epectroMter.  Staae 
e  larti  portleo  of  the  ebeor^ee  hr  COg  la  the  S75  -  *93  ear-  refloa 
oceure  at  fre^weeelae  below  CTO  eh*^.  It  eeeeeit  deeirable  to  eti4w  the 
abeerptloa  la  the  entire  apeetial  lefleB,  CTS  •  *>95  ea*^,  by  the  uae  of 
appaiotue  developed  elnee  the  IW  work  wee  coBieted.  Beeldee  eeUndl^ 
the  epec*ral  r>|d''h  coveiod.  It  Um  Ueu  pweeih)*  with  thr  new  apperatu,^ 
to  ohtati  ebeorpetou  aaaauvvtsU  whleb  er«  erwhat  aere  aeeurate  ead 
Include  vaaplee  eorrvepoodlat  to  ehortar  pethe. 

••  ••cn»a«nl«*  ewai’er  eac*-int»  nf  »-J,  thtrefops,  eerro- 
epoadlat  to  eourter  fa*J»a  •nan  tho*-  vs;’~y»l  ay  wire  weed  ta  the 
laiwecltiUan  of  fha  aMo.oUoa  hr  tha  eaaia  at  }'i».  Wm,  and  >310  ea**. 
The  two  haeda  et  ia(t  eat  9Cl  ca*'  ett  so  weak  an  of  oaly  ataor 

imeOi'Taaee  \a  th:  itudy  of  tka  aarth'e  ataoephare;  hMever.  e  kaaeladti 
.^f  the  ebenrpttoi.  :y  three  haeda  la  eeMuwtal  ror  other  rwaeoea,  oueh 
ae  la  the  otedy  of  the  etaoepheree  nf  other  plaaete  eoataiola«  laryn 
dwaatlUee  of  CC^.  t^or  thle  roeeoe  an  laveaUptUea  of  theee  baaie  ine 
leeltaed  ea  the  piaeeat  laeaareh  proerea. 

Several  capertaeuU  vhieh  M«e  teen  ei-;veea  rvr^tly  lavolwe  the 
aeeauraaeat  of  v«a  abeurpttua  aat  tW  of  etaeepherte  COj.  Tbaet 

aeaeuiaaeate  win  he  wede  hy  the  uee  of  Inetrvaente  te  etrpuaae,  khllsoaet 
ee»th  eetclUhee.  and  vvea  pla"e>arv  probe*.  t«  t«*  {eterp-at  Seta 

obtained  t*  vheee  'vrertaenta  tt  .'a  eeceaearv  ti.  uaderttaa*  C9u  aheory- 
UOO  t»l  «ala«;uu  aa..  tu  lepewiteaie  un  »!««>  paivan'.^.-.  no  pelh  laaSth. 
te^eratwm,  ahesrher  paratal  preaania.  aad  total  pt*etare.  Xt  te  haped 
uat  the  preoeat  data  will  furwher  the  heoeledhP  of  Cv^  abeerpUoa  aai 
lU  iwlat I  .-whip  Vv  toe. e  pereartarv.  <ne  tave  >1;;,  ee  la  earlier  te- 
h>  frtteated  by  the  eee  >f  aVeorptloa  curve* ,  tahje*.  ttaiae,  a>a 
vapinc*'  — »•  -  . 


f..  uniB,  STMoi£.  An  izmmuii 
or  QUAIIXTTXS 

Speetnl  rcgloiM  frt^uaa:!*!  an  txpmitj  'a  terse  cf  rr^v’^'r 
with  uftlU  of  ea*^  throuch'H't  the  proMBt  :euAy,  oxcopt  in  r*f«r*ae*  to 
othtr  work.  All  tebuteteii  wlutk  of  partial  prtaaura,  p,  total  praoaurt, 
t,  aai  a^ulwalaat  praaatira,  ara  axptoaaad  in  aa  Rg;  and  ahaortar  path 
laagtha  «ra  la  ea.  ValWM  ^  aiiaorha’'  eoacaatiatlBa  w  ara  in  t^alta  cf 
ataaa  oa,  te>d  aia  date^aad  ^  auitlplylM  tha  aaaertar  patt  laMtt  ^ 
tha  mrtial  araaaura  of^S*  .haolhlaa  ^  la  ataeapha^»  eorraatad  y 
p»a«3«rd  tawiaWia.  Tha  te»aiat»iWa.  T,  af  tha  pM'aa^laa  aia  glwaa 
la  iagraat  eaati^ala,  avapt  la  laate^'a*  whare  it  in  .nliaetagaaot  t* 
waa  datraar  kalvtn,  for  whleh  tha  apahol  9  la  uaad. 

A’(»]  la  Uta  tiua  fraoUuual  ahawrpUoa  at  fragwaaay  wi  waleh  would 
ba  ebaamd  with  aa  laatnaaat  sf  laflalta  raaoiviag  peatr.  A(*),  tha 
ohaaraad  fiaetloeal  ahaorptlaa  at  w,  dapaada  oa  tha  tpt:ti*l  allt  width 
and  la  axprataa^*  at  a  fiaetioa  »•'  at  a  ^oaataa.  Ite  totai  ahaerptlcn 
of  aa  ahaoipuaa  haad  jA(w)d»  la  atwal  to  Jk*(*>dv  aad  la  iNdapaadaat  af 
tha  tpaetral  aUt- width  prowl  dad  tha  Ualu  of  latapatioa  itelel:  tha 
tatda  toad. 

la  aaotlan  WX  a  gwaatlty  eailad  tha  aaaa  fiactloaal  ahaaratlaa  la 
uaadi  thla  dwat-tltp  la  dwaa  hp 


taa  ruraaaata  tha 

n  *  *f 


*(wi .  n>  •  * 

tMM  ii^cUaaal  ahaaivUon  la  th»  apa«ual  ragloa 

ii.  aumtivnAk  miuatAWh  Mtti 

AXALTiJS  or  OATt 


(1) 


.wa  dlffhraat  appaotrowterf  want  waad  t*  ottala  ua  ahaa-ptloa 
tarwt.*  fsr  Ua  pnaaat  lawtatlgatlwo  A  Hrhla-tlaar  Ntdal  91  a^wipfad 
■nth  dual  Mit,*>Vr'>piaaa  ahaorptlon  or:is  waa  wa«d  f*«M  ahaarptlaa  patha 
hatwaaa  *40  aad  ttC')  a*.  3h^raa«  ahaatpuaa  Mila  af  laaatha  1-tt  aad 
U.B  ra  wart  atplapaa  with  a  fwrhta'tlaar  Udat  99  apaatraatttr  Whlth 
waa  aaalMwd  la  a  «aa«M  *aah.  All  aaaplaa  wart  eaapaaad  af  wlthar  CO; 
alaaa  »r  af  datrraa  af  CO:>  aad  law  tethalawaa  ward  la  iatdUag< 
aa  wa!'  %«  tha  ..nr'i'.rv**ie«  of  tha  ataarpvlM  talU,  aad  tha  athad  af 
dttanuaiM  tha  total  ahaarptlaa  fraa  tha  ahaatpt'ra  awma  wara  dia* 
ir  hapcrt  1> 

Thr  ?iS  date  r*rar»»A  la  tha  prMaat  atalp  caa  .oavoalwatlp  ha 
airnted  la  >h>  feur  >ptttfal  rad—*  khlah  a—  iwfar—d  ta  aa  falUMa: 


U'  57-’6  •n*l  ’/tOf  "<#**  M?;  'ti-l  ty.nJ,  '51Si 

ICo^*  »a<l  ')fA  c»**  tatU£>,  aitil  (iv)  th«  ^‘‘I'y  •  ft  e*"*  nation.  'n!«  S»t» 
for  cacb  of  ttwaa  specmi  rcivlona  tMra  c&taiwi  MfArat^ly  and  rr- 
tulta  art  prraantad  1  i  sactlona  III.  IV,  V,  and  VI.  rtai«:tl«a:y 

Ea*h  of  thaae  four  apectral  ':o<erB  a  '»»t!iier  wldo  epestral 

raaicm.  Ir  thorcfcre  i»ar»4  a-tvantaj^c.i'j  to  dl/lde  eath  raglco 
•■ailar  aut>> r-.*.i  to  daterBlna  atth-r  ‘m  tota*  atsorptlis  tr  tie 
naan  fiBi:tlonal  absorption  of  «a<:b  sjt>> region.  It  t«  <lealrabl«  lo  divide 
ti*  larger  apactrat  raflooa  into  aanll  in  suth  a  v«7  t!xi 

tee  tota'  abaorptlon  detenslned  for  eatl.  Mjtxr^glcn  le  vlrtuall/  lc<da> 
pen<lent  of  t'eo  ppectml  nM t-el'l**'  and  liuai  to  **,"  vaitjc  valcu  wetild  t« 
datarmlned  vlth  l^rnlte  reaolvlnii  pover.  Aa  luntlcrad  earl'ar,  »*>* 
total  abaorptlon  J A.  v}dv  of  or.  entire  band  ban  beer.  sbovn>  to  l«  independ- 
oit  cf  Ibe  epsotrtl  ailt-widtl.,  |iu«ide<l  tiirre  is  no  abaorptlon  teyoad 
the  llslta  of  inte.iMXttor..  It  follows  L>al  Uie  total  absorption  or  toe 
aub'ieglons  "'••Id  oe  independent  of  spectral  siivvldth  If  taey  war*  dl« 
vlded  at  frequencies  wheia  Uiere  was  tero  absorption.  However,  It  w«:; 
be  seen  lo  aeetlone  III  •  VI  that  there  are  n-j  rrec^<.cru:l«s  wltwlo  Ui* 
lartter  tpectnl  regione  at  wnlcb  Ui.  absorption  la  zero  for  aaxples  b«v> 
liiK  lares  values  of  v.  t»  tbarefore  necessary  to  choose  optlaua 
frequenclee,  at  whlefi  there  was  absorption,  as  boundaries  between  tie 
■ub-reelons  such  t*»t  the  dependence  of  total  abeorptlon  of  each  sabers* 
£lca  was  least  u«t<via«nt  on  tbs  spectral  sut>wldta. 

If  V,  is  tbs  f.s^uec-ry  at  which  tvo  aub-reglnas  art  divided^  the 
obeerrsd  A(v)  Just  to  one  side  of  vp  Is  partially  due  to  atserptien  at 
fieq’icncles  sllAbUy  lo  the  other  aide  of  Vj,  ae  a  laaoH  of  the  nalte 
spectral  sUt  width  £ir.  "S^e  boundary  frequencies  were  ennaen  so  that 
tho  fractional  absorption  was  virtually  syaaetrlcal  about  W|  for  ai^rosi* 
aately  fw  wav*  cesbere  cn  each  alia  or  Vji  i.«.,  the  fiaetlMl  abeorip* 
tlon  wts  nearly  equal  at  •  <£ivon  diatancc  cn  ailhor  alda  of  If  Ute 
fractional  absorption  la  ■•yaewtrlcal  about  and  Si'fciral  tilt 
function  19  also  synaetrlrAl,  one  vfuld  expect  toiai  tbsorptiuo  of 
sub-rerlonn  divided  a*  y.  •  hove  very  llt'cle  depc;>!cou«  wo  speotval 
«lU-wldtb. 

The  .tccrptlon  c-r.xo  for  Uhi  jViO  and  j60>  ca"“  bands  were  ilddel 

Into  tvi'  with  the  division  nt  IttV  cs*' ,  which  corraspoods  tn  • 

=1  .-litres  In  absorptlcr,  ; »;ii  1^  neeu  in  section  TTT  that  the  abeorp* 

rl-'i  ■  •jr'—*  ore  :  **-.*.  y^:!"  fj;  a  few  oat"*  ca 

ca  h  Side,  thus  Baking  It  a  acl-.vib;>.  frequency  at  wtucb  to  divide  the 
baMs.  The  *utal  •tbvjrptlon  apasured  froa  tne  porttone  of  the  abeorp- 
iloti  curves  at  frequencies  greater  than  5^60  ci.*'  ic  referred  to  aa  t&e 
}7l0  ra"^  lAnds  ana  that  •»•»  ?>«  i«>w.fr»*q‘:n-v  tiis  cf  the  Interval  Is 
rtferr:!  to  ao  U.-. 

The  l’4<  aid  9^,1  ea  '  cande  am  vtellarly  divided  at  iOOO 
the  Ircqu*  wy  .•trrespon.Und  tvi  an  nb'i''Tt  t ! or,  slnln-it  between  thr  baols. 

For  fx  larger  taaple*.  ctultel,  ihe  nactlonal  ahnorj-’ton  did  rot  de- 
er»s»e  to  re''“  •-  'r.**  J.'n*-riv*q'j'n'y  .tdc  of  the  I  '»' ■  la's!,  but 
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rMcInd  •  at  upproslaktaly  87$  ea'^,  balM  which  Um  nracUonal 

•kwtrvtloa  laerMMa.  ft*  llalU  of  th*  961  ca*^  baad  war*  Uttrafor* 
i?k>i«*a  to  h*  1000  ea'^  aai  ca*^. 


ft*  23)0  ea'^  Wol  WM  dl';ld*4  *t  tL%  band  ewitor  aal  th*  Wt«<  att- 
aotytlaa  oa  *ach  tld*  of  thl*  bouiatary  waa  dataialaad.  ft*  total  abaoi>- 
ttoa  of  tik*  *a*4r*  baat  wa*  fowad  by  adding  th*  valiM*  of  total  abaoi>> 
tioa  of  ft*  tao  portloa* 


ftar*  ar*  aavaral  awoM  aat  aadlua  band*  la  tha  tpactral  ragtea  b^ 
tmm  67)  aad  49)  ca*^.  ft*  a(r«ag**t  band  ba«lag  ita  e*at*r  at  e67  tar^. 
ft*  ffatiiaafin  cwrianoallag  to  ta*  ahaoaytloa  alalaa  w*  aet  ft*  aaaa 
far  all  iiaplia;  aal  ta***  Bragmari**  ara  ftarafar*  aot  aultaai*  for 
bsiMdaria*  a*Bw**a  tla*  a«ib>raaleaa -  ft*  aalox  portloa  of  ft*  abaorytloa 
arl***  fro*  baada  havtag  praalatat  6  braacb**  ft*  fr*gy*a*y  of  aa»^.*aai 
*bl«r|1ln*  ta  aacb  <'f  *Jia**  4  t*  •aacattally  ta*  faa*  far  all 

aaftlaoi  aad  ft*  abaurfiloti  v,'c  aoatly  ajiBMtrlc,  abuot  ft*  fr** 

gaaaey  of  — * —  abacrytioa  far  a  faa  ea*^  a*  aasb  aid*.  Cb  ft*  baal* 
of  ta*  aaota  dl*cu**tua.  It  waa  daoldad  that  ft*  caatar*  of  ft*  ft  btaarba* 
at  7ft.  M7.  617.  mA  W  tar^  awttld  ba  u**d  a*  boMdaria*  babvaaa  ft* 
*r*<ual  aab-ragloa*.  far  avaa  ft*  largaat  ****l*a  aaad.  ft*  ibiftloa 
tttally  aara  at  ftaftwHala*  bale*  bft  tar^.  aad  abaargtlaa  at 
tlaa  g**tt*t  ftao  6?)  ca*^  wa*  traatad  a*  a  fart  af  ft*  9iil  «*** 

_ ft*  SH-H)  iftlw*  waa  waarafata  dtvlda*  tab*  ft*  fallaatag 

a»ib  Tag!***  far  ft*  paryoi*  of  awalyat*!  7ft>67)  card,  ftdi.Tft 
aiT'ftt  ftrd,  )avai.>  aard,  aad  tyt.)*)  aa-d. 


*^0  aaaa  fraaUaaad  abaaryUaa,  aftltb  U  raUta*  tr  fta  totad  ab* 
•tr^Uaa  by  ft.  (l)  far  aaab  of  ft***  aft  raglaaa,  ta  raditad  ft  fta 
yaiaaatara  a  aad  b|  tanaa  gdwaa  ft  ftatUaa  VX.  fta  iaaatdty  "teaa 
fraatUaad  ftaarytiaa*  •aftar  fta*  *bwftd  abaarytlo**  aa*  fa«d  far  aaab 
af  tM  aft  ragf  I  u  ft*  STV^V)  ft*^  ragta*.  ftta  ai*  diaw  at***  u* 
%H*  *t*t*t  ft*a*yuaa*  aratlli  a*  aatfta  baadi  odi  aft**  ft* 

«M*  ftaatiaaal  ftatoyUoa  far  ft*  fttaoal  *1  *  ^  ^  ^ 

ftaaUaa  af  ft*  *a*uttaa  y«wtr  ft  ftat  U%ar««l  watab  la  ■diarbad.  tra> 
widad  ft*  lartdaai  r«dlaat«*  1*  ft*  mm  far  att  fr*9wanct*a. 


A. 


tm  wSSSmt' 


fta  ftiaryttoa  *r  a  buary  aUlMta  af  dt  aliftblft  tm  bawftt 

a  gtwaa  ftiaftar  **aaa*wauaa  y  U  «■**  ta  dayaad  aa  bha  yarUal  yraa- 
aar*  y  of  ft*  aaaarbae  a*  aaU  ft  wya*  ft*  ftbad  yriawir*  f  ftla 
ydaaaftftNe  1*  a  raaadt  af  fta  Uffarast  braadiatig  akUlUr*  af  ft*  bwa 
gaa**  Ia«al*rl  ftwowar.  It  waa  faftd  ftat  ft*  trwidftH<  afiaala  *r 
ban  *****  ***  «*  iftriiiit  ta  t*t«B  of  a  augw  «*iridbi*  taodad  ft*  *«•*- 
«*la*t  yroioaor*  ahtab  U  datftad  by 

r.  •  r  •  (»-l)y  •  •  ay  (>) 
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where  B,  the  eelf-brosdenlng  coefficient,  can  bo  detennined  e;  ^^rlnentally. 

Ihe  value  of  B  was  detemlned  by  the  aethod  descjlbad  in  Report  1  to 
be  approxlaately  I.50  for  the  CO,  banda  included  in  the  present  ifdy. 

It  was  shown  in  Report  1  that  tee  value  of  B  j*y  be  ewaewhat  diffe/^.n. 
for  different  bands  of  the  sane  gac;  it  nay  even  be  subtly  Afferent 
for  dllfyrent  freauencies  within  a  given  band.  Although  there  iaay  be 
snail  differences  In  the  value  of  B  for  different  fretiuencins,  the  value 
of  1.30  is  believed  to  be  correct  to  within  ±6  to  ±8jt  for  virtually  all 
portions  of  the  bands  studied*. 

By  substituting  the  value  a  s  1  tn  into  Bq.  (3),  one  obtains  the 
*olIoulng  expreetion  for  tho  equivalent  pressure  of  the  CO-,  -  Rg  eaaples: 

-  P  +  O.3OP  -  png  +  1.3Qp  .  (3) 


It  is  noted  that  no  quantity  defined  to  he  equl.valent  pressure  was 
used  by  HBtf.  Oowever,  the  quantity  (Pen),  which  was  eallad  a  "wui^ted 
pressure",  was  used  as  a  alngle  paiaaeter  in  the  eaM  Muoer  that  P.  is 
used  in  the  present  study.  Using  (Pep)  as  an  equlvalanii  piettare  is, 
of  course,  the  earn  as  nsing  a  value  of  B  ••  2,  which  la  to  he  compared 
with  the  value  of  I.50.  The  latter  val-»  is  based  on  rather  careful 
■eastirement*  sade  t^»cently  and  is  in  good  sgreaasnt  wtth  thsoretlcsl  pre¬ 
dictions  b>  two  weU-known  taeorlsts,  liswis  Kaplan*  and  Vllllaa  Bemadlct^. 
Kdwards"  in  a  rseent  study  of  tbs  total  ahscrptlon  of  CO-  bands  used  an 
expruetion  for  p,  whieb  le  equivalent  to  the  following;  ‘ 


■  (P  +  P  +  0.5  p®).  (pressure  in  eUaospherea) 


Ttii  expretslun  for  P,  is  equivalent  to  using  2  •  (2  -t  0.5p),  t.  valut 
which  is  greater  than  that  used  in  the  present  study  or  by  hBB. 


B.  DEnciENCIKB  OT  DOUBU-BEAKIiia 

ncssxquEs  n  im  studt  or  sisoao 

AWngPIBRIC  SARIS 

It  ik  veil  known  that,  vhen  a  conventional  *ingle-beaa  epeotroMt'jr 
is  employed  with  the  optical  path  open  to  the  ataosphere,  there  are  epec- 
tial  regions  over  which  the  radiant  power  inoidaat  on  the  detaetor  is  ra- 
auoed  as  a  result  of  aheorption  hy  ataoapherle  gises.  It  will  be  shown 


*The  Final  Report  will  contain  aore  dstallad 
Inforvatlon  concerning  the  d-tereinetlon  of 
B  in  a  section  devoted  to  the  relative  broaden- 
iiig  abilities  of  various  gases. 


Ibd 


that  eare  aiut  be  takau  la  order  to  -leteralDe  tiis  eorreet  value  of  the 
fmeclonal  abcorptlon  A(v}  of  a  sample  at  fietnenelet  In  a  regloa  of 
atHcepherle  abaoiptloa.  It  «111  aleo  be  dMonetimted  that  atanapbarle 
abaorptlon  within  a  (ioabie-baaB  epeetroMetar  can  give  rlae  to  errsT  jn 
tlM  eraaurcMnt  of  the  fiaetlonal  abaorptlon  of  aoM  •a-vpj^'i,  notab  ijr 
ataoepharle  ^uea.  In  order  to  deaonatrata  tbaaa  phencMtna  the  follov- 
Ing  quaatltlea  are  defined:  Bg(y)  la  the  radiant  power  Incident  on  the 
datnotor  with  the  epeetrceater  aet  at  freijuenRy  v  If  there  ie  no  abanrp- 
tlon  by  the  ataoephailc  f^aea  in  the  optical  path,  ‘iae  power  BgCv}  in> 
cludea  radiation  within  the  frieiiucncp  Interval  patead  07  the  epar- 
troMter  alit.  9m  apaetiel  latanalty  dietrthutlon  of  tha  power 
over  tha  interval  dw  depeude«  of  eourae,  on  the  speetrel  intensity  (U2> 
trlbation  of  the  eottnie  as  well  aa  upon  the  "alit  function"  of  the  cpec- 
troaeter.  In  apeetroMteia  euoh  aa  the  onee  uaed  la  the  pxeaent  atudy 
the  Intsnalty  of  the  eooree  le  nearly  nonatant  over  or  and  the  epcotroM- 
ter  alit  function  le  eueh  that  the  tntenaity  of  Rg(v)  ebangee  gradually 
over  dw  with  xta  aanlMi  at  fretuaney  v. 

If  a  aagpla  la  pleead  la  the  baae  and  tha  radiant  powar  incident  on 
the  deteetov  la  reduced  to  ]i(v),  the  fractional  ahaorptlon  A(v}  of  the 
eai^le  le  defined  to  he 


A(v)  -  .  (4) 

Mv) 


In  the  caae  of  a  eaaipie  for  which  A'(v),  tha  krua  fractional  abaorp- 
tion  aa  viewed  wltt  Infinite  revolving  power,  ehangew  lepldly,  It  It 
apparent  that  A(v)  will  depend  on  tha  vtlue  of  dw  and  on  the  elit  func* 
tlon. 

If  frcqueney  v  oceura  within  an  abcorptlon  band  of  one  sf  the  ataoa- 
pberle  |geee  preeent  in  tha  optical  path,  tha  radiant  power  Incident,  upon 
tha  detector  la  reduced  to  Blkv).  If  tha  aaaplii  having  fractional  ab- 
•orptien  a(v)  la  plnc.u  la  the  baan,  tha  power  reechlag  the  detector  la 
reduced  to  R*(v}-  9m  appertr.t  frectlocal  abaorptlon  of  toe  aaaple  A*(v) 
la  then  alven  by 


I 


Cti'i  suit  ><»  MVi'n  not  to  assuM  that  A*(  '  «  A(v).  IhlB  aquallty 
ia  approxloately  valid  In  aany  canaa;  hovevcr,  it  has  bean  thowa  by  SW 
that  A»( v)  <  A( v)  ^  ■JBple  ofing  itud<ed  la  the  aaae  a^a  as 
a^oaphartc  ™«  .  I'wlug  the  absorption.  Bie  Inequality  iMsdlateiy' 
above  can  ba  explained  In  an  eleEcntary  uay  If  one  thinks  nf  the  ladla- 
tlon  aa  having  peesed  through  the  ataoaphnrlc  path  before  being  Incident 
on  tile  vnapie  ana.  (Actually  It  does  net  natter  uhether  the  radiation 
pasaea  through  the  sagple  first  or  lact,  but  for  tha  purpoae  of  dlaeusslon 
It  vlll  be  considered  as  haviitg  passed  through  tha  asaple  last. )  tha  In- 
tanslty  of  the  radiation  Ineldant  un  the  aaople  vlll  not  ba  conatant  ae 
In  the  case  of  so  ataoaphe’.lc  absorption,  but  It  will  have  alnlaa  at  fra- 
que.cele*  eorresiwindtng  to  absorption  lines  end  ■axlea  at  fraquanciaa  I*, 
tween  the  linaa.  Since  the  seaple  being  studied  la  tha  asM  ^  as  the 
stEOspheric  conponent  giving  rise  to  the  absorption,  the  radiation  Inci¬ 
dent  on  the  saa^ilu  la  graateat  at  frequenelea  for  which  It  a>.«--rVv 
and  la  least  at  fraquanclaa  for  which  It  absorbs  aost.  'Ibc  net  result 
la  that  tha  fraction  Ae(v)  of  the  redlatlon  ehsorbad  by  the  saapla  la 
leas  than  A(v},  tha  fractional  abaorptlon  obaarved  with  no  ataioapharle 
Intarferenca. 

It  la  apparent  that  If  the  eo^ple  being  Matured  le  different  frea 
the  ateoepherlc  na  giving  rise  to  the  abeorptlon,  A*(*)  alght  he  greater 
or  leee  than  A(vT,  depending  un  tt.e  relative  poeltlona  of  the  ebeorpUon 
llMe  of  the  aeaple  and  the  ateoepberle  gsa.  If  tha  absorption  Ums  of 
the  eaeple  oappen  to  occur  at  frequeeelee  between  the  Umi  of  the  etaoe- 
pberie  gae,  A*(*)  would  **  greater  than  A(y). 

In  a  double«baae  type  of  inatruaeat  tuch  aa  tha  Perkln-tlMr  Nodal 
21  uead  In  tha  preuent  larvatlgatton,  error  la  e.leo  Introduced  by  the 
etaoepherlc  gaeea  ia  the  opMi.^l  path  when  the  abaorptlon  of  COp  cr  HnO 
etatplea  le  being  etudled.  Such  an  inatruMnt  record#  directly  the  retls 
of  tha  tjaneelailoo  of  too  aeaple  beea  to  the  trenealeelon  of  tho  refer- 
anca  beea.  If  l^(v)  la  the  mdlatlon  power  Incident  on  the  detactor  frrm 
the  reference  beta,  [l-Ae(v)j  la  the  power  Incident  on  tU  leteeto'' 

fioa  the  saepl-  Use  ublnh  he#  passed  through  a  naaple  having  1'~c.etlenel 
treaaalealon  A(v).  Ihe  apparent  fractional  abeorptlon  recorded  by  tha 
double-beea  Inatnasent  le 
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1.  A^isoi-ptlon  nn-WH  for  th#  PJJO  ca*’  00,  bt.,i  : 

l.he  trr-r  aUsing  Tnm  air  In  th»  optical  path  of  tha 
spoctroBiUr.  The  abeoiier  concentration  of  t.ne  tkir)  le  le 
ippro»i "w tr ly  one-third  a»  great  a«  the  abeorcer  scnrentra- 
of  the  Cfij  111  t.tie  au'iu.»pherlc  path  of  the  lamola  hran. 


III.  EXPESI-MESaL  RESULTS  FOE  TBE 
5716  AKD  5609  o»*^  COg  BAHIB 


Tiicings  of  Bamy  of  the  abeorrtlon  curves  for  tue  5TI6  end  560;> 
bends  of  COn  n]«  shorn  In  Figs.  S  and  }  with  the  spectral  sllt-vldth  In* 
dlcatsd  la  the  .over  left-hand  portion  if  Fig.  J.  “nie  wertliri  dashed 
line  at  566c  cr**^  representa  the  bour.dar/  between  the  ’’bands'*. 


■Bie  data  are  tabulated  Ir  iwi.i-  i ,  which  Includes  the  vaiuee  of 
absorber  concentration  v  and  e^ulvaleit  pressure  P,  for  each  saapls  as 
well  as  nuabera  of  the  ftaures  In  which  nany  of  the  absorption  lurves 
appear.  Also  lri:lu.led  art  rsouirk.i  ooi...ia tittup  outtposlLluu  of  the  saaple 
and  the  salurs  of  total  abaorptlon  of  each  of  the  two  bands  along  with 
their  sua.  The  value  of  tha  eua  of  the  total  absorptions  of  two  bandn 
la  included  for  coaparlcon  with  data  reportad  by  RStf  and  for  the  con¬ 
venience  of  ether  voilcere  who  treat  these  two  eeparatr  bends  as  one. 

Ths  tsnparsturas  of  tha  ssaplas,  which  were  near  roea  tanpsiatura  and 
varied  by  approxiaataly  tk  dagrsss  0,  were  not  Included  sines  the  total 
ahaoiptlon  of  tbsae  two  bands  varies  only  allghtly  with  tsapaiatutva. 

nsprsssntatlve  data  for  tha  5716  ec*^  hand  are  plottad  la  Pig.  b, 
where  the  dlffhrent  curves  corresp^lng  to  varloua  values  of  v  rolabs 
Uw  total  absorption  to  P^.  A  ^usUtatlva  explahaUuo  of  the  TaaULrss 
of  curves  sush  as  those  la  Fig.  k,  as  well  as  of  other  figures  In  this 
rspor'.,  eas  given  la  Report  1  and  will  not  be  repeated. 

In  orter  to  show  the  dependence  of  total  ahaoivtloe  on  aheorher  coa- 
centratlea,  vaxoes  of  ahaorher  conceatratloa  were  taxen  froa  the  eurees 
of  Fig.  b  and  vtoi  to  obtain  the  ''l■oothed*  curves  of  Fig-  5*  where  each 
uurvs  coriespoo^  to  a  given  value  or  P,.  The  Tesults  at  eeaaureMats 
of  the  5609  o«*^  hand  are  presented  in  a  slalUr  eannsr  la  Plgt.  6  and 
T  • 


In  rig.  is  sliowr  ths  sue  or  the  total  abserpuona  of  tha  two  bauds 
plottad  agaiaat  F.  for  various  values  of  w.  Ths  solid  eurees  art  based 
on  dsta  obtained  In  ths  present  invssti^'itsr.,  while  ths  dssbsd  curves 
ere  based  on  BO/  data  which  aie  shown  for  ccaparlsoa.  This  figure  per- 
aits  s  direct  ecagarlson  of  the  present  ■esults  with  tht  esrller  eotit 
for  value*  of  w  •  b.7b  and  9*  ataos  oa.  If  one  eere  to  Interpolate 
between  the  two  corves  correspon-ung  to  5.QE  and  6.011  staoe  ea  for  velu'  c 
of  P«  between  spproxlaata.  y  ?00  and  ICCtl  sh  Hg  to  detsmlnr  values  of 
total  absorption  corresponding  to  x  ■  b.7b  atane  cat  one  would  find  that 
these  vnlvMt  differed  tiy  approxlMtely  $  to  10#  frea  <'aluss  tahen  fraatha 
curve  corrcnpondlng  to  't.?b  abno:  cn  frsa  ths  Rib’  lau.  tlailarly  ths 
9.b6  a*oi-<o  cai  curve  it  seen  to  occur  eloee  to  where  one  would  expect  It 
to  be  relntlve  tr  those  for  6.O6  sad  12.7-  It  ebouid  be  noted  that  the 
EBH  data  used  Ir  tbs  cowparlsoa  represent  tha  ssAllast  saaiplea  Invostl- 
^nts.r  i\i.  vUlvU  uiw  would  expect  the  sxperlaenUl  error  to  be  the  great- 
s.vt.  ‘i'us  estlasted  trror  In  tha  RBI  results, as  well  a.  the  j.t'seent  rs- 
rvultSi  Is  appro '.swtely  *5#}  thus,  one  concludes  ♦here  Is  fil^iy 
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ftf.  tb*  kbaor^toi  or  Vht  lli.6 

«»r««u  •ba-TTbor  conscrtmtlor.. 


-2g  tea  *00 


A(v)dv  in  err." 


in  mm  Hg 


Hf.  I*.  T.’’!  ■«  i»«<’  ‘•ASlAi 

r.  ;%v  ..'.{•tv*  l»  tiw  invtsutBUpn;  u«*  «»r«*4 

•-•ritfr  ».->  "<»  <»«»  r****  Uw  ■•<  r»fmrt  M4  «?»  >lwm> 

for  I'*  •- orroooml  Vs  Mao<*«  ??>  •  «>«; 

:  r  olst'cT**  vf  rro  #j 


»t.lat'actar>  .iRrceea'--  ttvi’cn  .jc  r*f*ent  lOd  '.a*  .a.-iis:  -os*  'cr 
f  V  -•  *c*.'**^?'l  V  *'1**5 

Vaiuaa  'i'  t. .^ai.  neac.'v-Acn  .«cb  i-'tsi*  '•  '>■  •mil  at  .'ros  XS  'a;;. 
viilcU  .re  LOt  naotii  ir.  i  1*.  '.  i«ci  rs  atam  sne  •  'jrrpr  f  i’li?.  > 

-bcre  LouLl  -.(Airs.'.  ■  :ha  vatrirsa  v»iima  of 

^qulvslanc  -I'essu’.'s  'r.iilcatad.  .tr  intArpolAtlisg  n«tvse»  ..si*  (•orn^  f 
I'in-  "I  ■»  t.le  —  .seter*!'**  '  ne  ".>c*i.  .ibsorptlbD  of  cae  571-  aaa 
'609  ■a'‘  '.Aaia  :'ar  .-sexplea  fcr  wliisD  tb«  vmluea  of  w  and  arn  1b» 

"udad  sijr  the  cuitne. 

It  i:  .;3aettiBM  leetzntals  to  imv*  >‘CBina*l  Aountleiw  ufa1s;!t  rwiaa* 
th*  LCiCAl  abaorptlao  to  to*  nnm*t*r!i  w  and  P^^  aXthoagto  tJtn- vniunn  .-an 
.  .—ouoteaxy  o*  asterasiaeh  tsts  acccrrtaiy  rras  ccsms  .sucn  a*  ejum  la 
PI,;.  0-  'P-'o  different  enplrlsal  eqtsntlcns  cf  tale  sort  oni*  ;-*portnd  by 

HBH  for  thla  band:  cna  for  miunn  of  total  abaorptlon  gmatar  'fcaa  30  caf^ 
nsd  .tasthtr  :'sr  :sall,:r  -^loan.  ';3ia  eduatlca  lataodad  for  enall  mlana 
■'t  «i  •/>*-<♦« An  rufl  ►'“sei  cc  tSs  rschlts  -f'.'.hty  '  'C-12 

canplae,  tha  inajdaiae  preaear*' of  wMLib  -ns  lean  than  '0  ■arllg.  Mwy  of* 
the- aaaiplee  oand  la  tha  pMaent  Inentlgatlon  yteldnd  enlnaasor  total  ab* 

«Ay<rr^fSf»-  lAAft  thAA  <n  -  AAA  nAMAnt^  AAAAi^A. 


ftorptlon  iMtt  thfta.  50  cars  pmfiirr  of 'ttMo 

varied  froasa:  fee.sKHg,  to  apyroxiaB«aly  IJCO  saKHg.  Slsca  tha  preaaat 
data  -epreaewt  create r  raneen  of  v  end  and  clnee-  the'  eqnlealant 
preaaurr.aMd  la;  tha* preaent  atsidy  la  bailaeod  to  o»- aosrr- ietUabla- thaa 
tha*  'wai Mated  presanrar''  uacd  sy  SBr»  it  aaeead  daatnbla*  to  reelta'tha- 
eapincal  eqaatlon  to  be  used  for  veiuee  of  -otal  ntiorptlea  Idea  ttaaa 
30  cm"^. 

(t  vas  leeonatratad  in  Heport  i  that  nn  eqaatlea  of  tha  fenr 

r.'  t...  .  r^j, 

J  *  ""  -  '  - 

vaa  'jjafol  ter  caajA  vaxuaa  of  Afv)4e)  nnd  that  tha  va Iviaa . of  tha  aoo» 
scute  ;vaad  b  cottld  ba  eutly  datacataad  graphH}ally»  Id  ordar'to  da» 
tarvtna  tha  .raiuB- of  the- eaplrleal  conatut  a^  vaiuaa  of 'total  abaorp* 
rten  uer.'  :.chu:  froB-^tha  cunras  of  Tit,  i!  for  dlffhtaut'  valUMi  of  'P_ 
and  plottad  agntnnt  vP«*;  Olfftrerstvalunn  of 'a  eare;  triad*  and  tha 
.••t  of  r-at'eaa  produotd  r>r  using  a  ■  0,65  «r»'9bowt  la  Tigi  ;0.  TSa  ."tlsa 
of  i  .65  vu  aeiaetdd  alaee-  la  i'lfe.  ’.C  t.ha  flT»  eurrei  correep  ties  ts 
P*  f.  760  OB  !!g  arr  nearly  colaeldaab  for  .nluan  uf  *’0tal.ahao:,tioa  oa- 
teaen  50  and  ^0  ca.'l.  31aee  rn***  ac  *t,^nt*r»aa  arr-saarly 

colneidonb  It  la  apparent  that  the  zn  sspieaaad  u 

n  raoctirr  .t  tarn  sioain  vnriania  vr^-"  ror  'ha  vaiunn  cf  nad 
total  .'xorptlon- repreaentid.  fertlcns  of  eoan-of'the  cnireea  of  Fla*  13 
ware  j.'.Ud  to  prevent  ot  ir^raHLiag;  hoeaver^  potats  axr  inaiuddd  to 
Io.:ica*.e  ;c9lttona  of  the  -rree. 


petfeeddCeB  oee  .  «w  «Woe  veegeertdt^  I'lU  %  • 


^’tidu  '..blinrn 


Ihus,  if  !•  to  !«■*  tban  250  m  Hg,  v«lu**  of  total  atsorptlon 

10  and  50  sa'^  eaa  bo  oxprosted  aa  a  fuaetlon  of  floeo 

both  tho  ordinate  and  the  abeelaea  of  Fig.  10  are  logarlthiiic;  tbj  Ybiite 
of  b  for  Iq.  (6)  eaa  dotandnad  froo  the  alopo  of  the  elngla  straight 
Uaa  ehloh  heat  fitted  the  points  corresponding  to  the  taints  of  total 
abaoiTt*  -m  an/,  equltaleut  prett  ire  specified.  The  talre  of  b  im>.  found 
to  be  0.5a. 

On  tbs  haslt  of  the  abote  discussion  the  followlnc  eaplrlcal  cqua^ 
tloii  and  ita  region  of  validity  ears  derived  for  the  37X6  and  5^09  en*^ 

jA(v)d*  -  3.5  (vP,*^-^5i0.5fl  (7) 

for 

\  <  250  m  Hi, 

ud 

iO  <  f*(y)dv  <  50  ea*^  . 


It  ana  he  used  for  SO  <  P^  <  \'60  w  Rg  if  JO  <  JA(v)dv  <  $0  e«*^ . 

aule  eeipirl»l  tq-'atioa  can  be  eoagaied  wl«h  the  eenespoedlag  equn- 
tim  frea  lOM.  vbleh  tt  It  u.  lepiace: 

JaCwidv  ■  505  w®'^  (P*p)  ®*^. 

The  curves  of  Pig.  10  which  coirtepoed  to  bl|t»r  equlvaleot  piae* 
cuiev  could  ^e  ihlfbtd  to  the  lift,  end  cade  «e  oesnr  cl  wier  to  the 
«urv.*  ..’riecpouAlad  to  lower  pieeauree,  bp  uaing  an  erpniieet  a  for  P 
•ailUr  than  Uw  value  (f  O.et  vhli-k  was  nfluevar,  tf  Ow 

capone.it  were  uaed,  tbe  curve*  CKrrtipoedlng  to  tb>  {iweeurcs  woeld 
oecar  u«  the  isK  of  and  above  the  e.rwit  of  lower  iwaesa '  <1  for  larger 
veitfe*  »r  antal  ebeoTpUon.  tbua  eee  coaeludea  that  the  .  ski  abe«rp> 
Uoa  caaaot  be  dMcrthed  bp  •  fuaeriee  of  wP,*  for  large  veleea  of  P^ 
aad  aaall  value*  ef  v.  Ihla  levult  was  dtecueeed  la  *c«e  detail  ta 
ioport  1  •«)  •*  eoafiiaad  to  the  pieeert  lauMUeattoa.  It  le  prehahlp 
trvM  rna*  Up  llalllas  the  nvr^**  of  valwva  of  J  AfvMv  and  P^  fur  each 
eqea'.liM  a.*4  bp  uelag  dlffeieat  vaSuee  wf  a.  eee  eoaU  ftad  a  aerlew  ef 
equatlnnr  which  would  watlsrhctorllp  (Tint* /A'.wViw  to  w  ead  P,  far  all 
da  «vp«»rt»t.  It  Is  s^pt  reat  (hat  several  such  rttAtlrs;  would  he 
n»«*aearr,  aad  thv*  wcH  wcuid  he  xeltd  oolp  <rmr  wsrp  Itadtei  teegsa 
tf  Toiuvr  of  (.ttv'dv  and  It  dt<  not  seen  wurtuwalle  (o  Aertwe  aa 


Muy  •quiitlont  m  vould  bA  aec€ftM.**y;  ftiid  It  it  r^ccMBttultd  thAt  th# 
curve*  or  tig-  9  ^  u**d  for  valvwa  of  A(v)dv<  50  cm*-*-  for  uhlcii  Eq.  '7) 
1*  not  aultad. 


IV.  UnitIKESm  RISULT8  FOR  TVZ 
1^)50  ca*^  OOg  EMU) 

ftacloca  of  aany  of  th*  sbaorpt;.oa  curva*  of  tb*  235O  COg  brjtd 
ttr*  abom  U  Flfa  U  and  12.  Qt*  data  ara  llatad  la  Ibbl*  2  la  a  aanaar 
u  Ibat  ua«d  la  Tbtla  1.  lUforc  Maattrla*  ILa  total  abaorptioa 
if  *.iub  apa^tniSt  It.  waa  dlvtdad  1b'x>  tm  pori:>ona  at  2350  aad  tba 

total  abaorptioa  of  tach  po.-tlaa  uaa  tbaa  datandaad.  Vaiuat  of  totU 
ioaorrtloo  o'  tAoh  ^xirtloa  ar«  (lafn  la  labl*  2  aXoag  wltb  tba  *ja  of 
titaaa  val'.v**,  rfblri  r«pr*a«ata  tba  total  abaorptioa  of  tba  eatlr*  baad. 
U'boudb  tba  reauita  for  tbe  nro  portloa*  ara  aot  aaalyaad  aaporatclr  la 
tba  praaaat  atudy,  ibay  ar*  tabulatad  for  poaalbla  futur*  ua*  by  otbar*. 

■apraaaatatlv*  data  art  praaaatai  la  n«.  13  vbar*  tba  total  •aaorp- 
tloa  of  ta*  aatlra  baad  for  varioua  vaiuat  of  abaerbar  acMaatiattaa  la 
plottad  a^aiaat  aqulvalaat  praaaur*.  lb*  tolld  eurv*a  ar*  **a*d  an  aata 
ebtalaad  la  th*  praaaet  lavaatlaatioa.  tba  daabad  eurv*  rapiaaaatlag  DM 
data  corroapeadlac  to  k  .'t  ataoa  at  la  teat  to  occur  allabUy  abuv*  tb« 
aolld  curv*  eorroapoadloc  to  H  99  abtoa  «•  for  valua*  of  balMaa 
approa^aattljr  too  aad  iOO  m  Mf.  lb*  talwta  of  total  abaorptioa  ladl* 
eatad  by  tba  t.7  abao*  ea  eur.a  ar*  *rt>r«al«»v>iy  ti  to  Dtttar  tbaa 
0*0  tmild  pradict  oa  tba  bMla  of  tba  «oltd  cur>**.  OtUr  DM  rtoulta, 
ubicb  ar>r  aot  aboaa,  vara  ecMrirai  aad  fouad  to  b*  itar  tbaa  M  ■‘.irfaraat 
f.'OB  eonaapoadlac  raault*  In  tba  praavat  atudy.  Iba  aaUaataa  error  la 
U*  W  rtaulu  aa  uau  aa  tba  praajat  reauita  i*  tpp-oalaatcly  iH>  Ditff 
ea*  eoaciuda*  that  tba  ^raa-tuot  totwaa  tba  teller  verb  aail  tb*  prMant 
verb  la  vltbla  tbi  lodta*^  rd  m^iriaaow  vatrrti^Ua*  for  valua*  of  « 
and  r.  eev*r*d  botb  iawaU^Uoaa  da  la  ta*  oaae  af  tba  37^6  aad 
3d09  baada.  tba  DM  r«*ulta  *bl.:b  vnc  c  ■pared  uttb  tba  praeaat 
raaulU  rapraaaatad  Ua  aaapla*  vf  laaat  abaorbar  coaaaatraUoa,  tw  «*leb 
tba  MWM'Ulaty  would  b*  ;b*  draataat. 

Walvi**  •'<  »''tal  •bv'irpttca  w»ra  taiM*  fro*  flf  It  an*  »>•<)*  ppM  data 
tk>  prod..:*  U.V  .'ut«a»  uf  rip  <.b,  wasr*  t-jlal  *taw|^ti«ai  1*  ulattad 
cdoUat  abaorbar  coacaairatten  by  tatarrolailad  babwaan  tba  'rva*  it 
la  poaalbla  to  davarbiaa  U*  total  abaorptioa  of  a  pmm^  aaapla  for  whJab 
tba  value*  of  ;  rtl  P,  oeeui  wltbia  ta*  raapa  aavara*  by  tig.  id. 

la  Ua  BU  tcpwi  t  rvirical  9quaU<xi  ub*  darlvai  ta  ralau  valuta 
•>f  '  .•tail  abaocptloa  la**  Uaa  9)  •*«'’  *.o  v  aad  P,  Xa  erlar  to  dartv* 

*.«  rapi'i  al  ralattaaeblp  lor  tba  *aaUar~ taivl**  for  id>l*b  tba  valaa* 


§ 


.s 

» 


Tim  to«i  utoorp'.tei  of  '.»  JJJO  t«-i  COa  ‘«ni  **rpi*e 
fe&s  tttr  CMKoatmtlon.  nw  doUd  porilon;  of  U>o 
f  jrtd#  «i~  ♦••*<*  •  *>*a  f*>VA|Mi  i  '  ih*  p  oisat  in. 

;,  uj.  Alhoj  pottioaf  •!»  i«»o4 


of  C.CUI  Al;*orptlon  ara  !9t«  ttaa  SO  ea*^.  vat.s  .i*  .Mra  from  Vtt 
co;v«t  «  f  Pig.  IS  dna  ley’  'tCfid  In  fig.  45  •g»tt  ‘  ^  "•  iw 

of  tbn  r'pir*  rnl  conatnnt.  J  7S  vss  dstere:*^  i«  •»■».  Muuwr  n«  la 

*.'..a  Mas  of  :  *i>.  fic4i  %tin  flgurt  the  fcit  rm  •guatlon  mn  Oarlvad 

,,,  I  ,  ■  »-<!»  /  ,•  ;.j.;  of  V  and  ^4' Iflnd. 


C  <J'A(v)dv  <  SO 


10  <  f,  <  250  tm  Bg  . 


X^untlon  ("f  lt>  nlao  valid  for 


10  <  P,  <  r£C  tsa  Sg 

#j«i 

15  <  Ja(»)4»  <  50  ca'*^  . 


V.  rxncuHorau,  rams  fan  XB 
106V  Alp  961  BMD)8 


Xraoiaga  of  t<>v«Tal  ataoipttoa  oarraa  of  tka  lOSk  aaA  96I  «b*^ 
teaJla  axv  ahova  to  Fl|«.  lo,  17«  lOx  Umm  to  ftga.  16  oad  IS  eonaoyaai 
to  .'•ss.^laa  aonalaoiag  of  CO2  alwoiit  ohlla  iaa  ourvw  la  fig.  A?  oonro* 
aponl  to  anagloa  osnaistlag  nf  and  Ka.  Ika  Obooipttoa  onrvao  of 
Pig.  17  vara  axtaadad  to  approxlaataly  TW  oar^i  and  tho  raaaiaa  of  tto 
,'A*cInaa  of  thoaa  8or*aa  batveoa  875  aad  T20  ca*^  aia  diaouaaad  la  Ua 
noitS  raetioB.  fka  akt'or^loo  eurvaa  la  fig.  20  rafraaaa  a  glaaa  »aaf2a 
aloM  at  vanoua  toaparatvraa  abova  adblaati  Ua  aasalta  of  tkaaa 
urA'»,  aa  vail  aa  othorw  obtalsrd  fmo  aaapUa  at  oUmtad  taavaxataTa, 
<11  ■  M  diaouaaad  aaar  tka  and  of  thlt  aaoUoa. 

It  is  aaaa  frea  figa.  16  aad  17  that  tha  ahaorptiea  la  avaaatlaUg 
Mxc  at  ayproxtaataljr  1125  ca'^  for  aaaa  tha  largiat  aa^plaa«  aad  that 
tha  banda  ovarian  vltt  aa  abaorptloa  alaiaiai  aaar  lOOO  aa*^.  Oa  tha 
lov-  f  niflU0Ba.v  atda  of  taa  lautda  anothar  abaoivtlaa  atalaiai  ooa'.nni  at 
8?S  ea'ij  tha  vartleal  daabrd  liata  at  1000  aar^  aai  STJ  ea*^  t ftgi. 
16>1S  rapiaaaai.  tta  totaidarlaa  batwaa  tha  taada  vhiah  vara  dla*  ’wOtvd 
id  Motloa  li.  .  . 
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WAVENUKAER  n  cm" 

Fit.  t6.  c«rw«  of  u»  «iti  9ti  c«'l  cog  iMitP 

Hw  »r4li«tw  tMU  »t  'am  •f^*'.r«wttr  «••  toMM 
IT  •  fMttr  nf  f  oft:  (•  oMtl^iot  tltcK*  UMiRt  l« 
iM  vMtr  fvniwi  of  ikt  fifoi*. 


Bai  <kta  for  tbt  106^  ud  96i  OT^  bud*  &•«  i>n—  la  Ml*  ). 
«Uek  iMladM  tfe*  Mafl*  to  to*  ■*■!*■%  0.$  togan  C..  ■* 

mU  u  to*  to  w ton  llatod  1b  IbV.m  l  toarl**  eowlBtlsu 

C0|  •  1^  BlxtaiM  *1*  llaaud  m  too**  tortac  **  atouttor  foto  l*Bgto 
«f  3300  Oi. 


Xt  U  naoilto  tool  to*  totol  •tooxytl**  sf  too  tod  9U  «**^ 
1*  rtra*4l7  totowtoat  oa  to*a*i*tai*;  Ik  «a*  kfe*i«fw*  aMaaBaiy 
to  eBn»«t  to*  lala**  of  totoX  •toaxytlo*  to  to*  ata*  U*9atotaN.  to* 
talw*  of  totol  atoorytlto  of  all  kto  **891**  oteidtod 
t*ia  Ml*  -wfioet**  ti  «htto  M*  i»r*rirtto%tlT  to* 

tsj*.  to*  Mcutory  aurtocUcM  *•*•  ortoiaatod  tnm  tot  lafoxtokl** 
Cl*»n  at*r  *to  *ad  of  thl*  atoklto  oo**nBtat  kl»  titwto  of  kfe*  toad* 
Mto  taoNtoiti* 

Uo 


tMNtoito  toaHntor*.  ^  fi«y  otoli  Mtoto  to*  kttoX  *to»y> 

s£ HBtt 2s  * ssi ^  »i>tgtaa  »st£**iaMJfe  tvmmi&aS‘ 


Xa  (ork  A  af  n<.  1$,  la*  'oXu**  of  tttol  Bliiitotoa  of  to*  aatola* 
of  COg  oloto  or*  »to«tot  •#dwk  far  to*  lOSk  m'^  to«l.  took  tarn 
toiioogtodo  to  *  gtM*  lato  itofto  aad  t>  to  ktoiafua  ytitoorlf*t  to 
r*.  la  lart  •  «f  n«.  19  totol  toaotyfoa  to  *1«*  tlattod  ••Oa** 
toi  «*rto  rarto  «orf**y**to  to  *  glMa  talao  af  j  *•  ladtaotod. 


toUaa  Ml*  totoa  fto*  kfe*  laiM*  «f  n«.  19  to  ttoata  kb*  ••im* 

*f  n#.  to,  So  park  A  «to  ttobl  otoooftt**  m*  pl»kMA  ofbAatt  «  far 
kb*  AirfajMk  miM*  of  tadttokad.  toik  9  m*  latlatod  to  dMn>  «  _ 
•ktato  kto  r*l**A*aibij  to  ton*  kabal  oboMyttta  aad  kba  «aik*bl* 
ktokfi  kto  Mlai  of  to*  oapkfi**!  laaaktat  m*  datoiaf  aaf  la  kto  mmb 
aaaaar  **  far  fit*  10*  AU  of  kto  palato  tbaaa  Xa  park  9  of  ftt.  M 
Mr*  abtotaad  fio*  to*  oarM*  «f  9t«.  19i  aad  tk  u  aoM  ktok  a  atagl* 
rtr**  fit*  prakkr  tail  tu  of  kb*  palaa*  oorrMpeadlad  to  kto  dtfttoaak 
MlaM  cf  r«.  fiM  kbl*  orr**  kto  f*U»rttC  •fM****  im  batkMd  aad 
kto  Utoto  of  taUdlkf  m.'<*  toatttoMd  for  kto  Itol  toad: 
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C*FM*  Bialtor  to  to***  la  flf*'  19  aad  tO  mm  daaaa  far  kto 
jdl  rt**  oo^  toto  M  nia.  **4  *«.  it  i*  •••*  la  |Mk  9  «f  Pic-  it 
Mr :  n*  ktoal  atoaiftloa  aaa  t*  rapraaoakad  kv  *  fbatU**  af  kto 
Mrtobl*  09,^'*';  trm  kbla  pavoiM  af  kto  n«M  kto  fauaatac  *9MttM 
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if  ft 


«M  derived  aad  Ita  Halts  uf  veildlty  vere  deteralaed  for  the  ea*^ 
COg  hud: 


for 


/A(v)dv  -  0.016  (wP,°-25lO*T8 
1  <  fk{y)iv  <  55  ca*^ 


(10) 


100  <  P,  <  760  aa  H|  . 


A.  xmCT  (V  TBOVMTOa 
OR  TOVIL  AMOnmOR 

la  order  to  obtata  lAfuiutloe  oa  the  te^erature  dapeadaaee  of 
the  total  abeoiptloBi  abeox^ptloa  eurree  were  recorded  for  Uuvo  aiffer- 
eat  aeta  of  aaavlaa  at  taaROfatiirea  above  aMeat.  A  theneuter  waa 
plaeod  la  each  ead  ot  the  eell  and  a  taaRtiatuiw  dlfftreaee  kebaaca  the 
eeda  waa  fouad  to  aalat.  Ibla  dlfftreaee  wu  apRXtolaatelr  I'X  for 
teaRoieturaa  aaar  aahtoat  aad  taeroaaed  to  apprextaataly  tT  for  taaRtia* 
turn  Bear  75^>  the  toaveretuia  tabuleted  in  Ihblo  5  It  aa  awontca  of 
the  tvc  to  the  aaareit  0.5'^.  It  wu  aot  poaalbla  to  cool  the  abooiytloa 
cell. 


AbaotyU'ia  earwet  eorretpoodlac  to  coo  of  the  aeta  of  aaaplaa  la* 
voetlftted  at  dlffartut  taiheiataret  are  ahoea  la  Pig.  U|  aad  the  free* 
tleoal  abeotjitlua  la  .'ew  to  leereaee  v^th  ta^raeure  at  all  fregeaa* 
alee,  valuu  of  total  abenrptloii  for  both  toede  ere  plotted  a^lnot 
tei^iatare  la  parte  A  aad  ■  of  Pig.  >5.  the  eurwee  of  parta  A  aad  P 
ee  well  u  perte  C  aad  D  are  dleeaaeed  below  la  deeeialaltig  a  geutlta- 
U»e  relattonahtp  betweea  total  abaov^na  aad  temperature. 

fheie  era  aewaial  faetora  whleh  Right  eoatrdbeto  to  the  ohaaRt  la 
total  abaorpttea  with  ttaperature.  Oaa  of  Cheea  iaotora  lavoltee  Uw 
ccUlatoa  fra«|wenR]r  of  v.b*  abenrbtng  ■nleewlee,  whleh  le  proportloaal 
to  the  Um  half  width  a.  The  ehuepe  la  R  with  teoReratoie  la  believed 
to  eoavrlbete  oalp  a  alaor  pert  of  the  laetwaee  la  toh  abeorptioo  witb 
teeRaiatare  of  tha  two  baada  wader  eowldeiatloa.  %la  sollef  le  beeed 
oa  tha  fret  that  the  total  ahaorpUoe  of  the  r550  oa*^  uup  bead,  u  wall 
w*  ether  fiaaaattea*  mm»,  teeteaaee  oalp  eilghtlp  with  wetpcieture. 
aad  oot  woild  aot  o^eet  toe  half-width  af  tha  itaaa  of  ooe  CO^  band 
laeneaM  aore  iwpld'si  <111  toap*'atare  thu  tha  Uaea  of  aaathtr  COp 
bead. 

IhidouhtadlPt  the  toat  lapereaat  feetor  eoatriewtiag  to  the  lurtaat 
la  total  abiorpttoa  with  taapaiataie  la  Iwaieaie  la  tha  pupwlatlaa  af 


les 


tiw  lowr  Tlbntlonai  •Mrgy  atftM  giving  rise  to  tha  absorption.  A.'\otlitr 
IMS  liqwrtnnt  factor  is  ths  Tedii.t7ibuti?tt  of  the  population  of  the  rota¬ 
tional  enargy  lavslit  assoelataa  with  tte  lower  vibrational  stat«i.  .)na 
woold  eiQeet  that  the  latter  rector  would  result  in  a  change  in  the  shape 
of  the  haadi  but  Its  effect  on  the  total  absorption  would  be  eaall  In  coo- 
parlBoa  with  the  effect  of  the  change  In  population  of  the  lower  vlhia- 
’tlonal  enero  etete. 

fhe  lower  vibrational  etates  of  the  ICXiU  band  aikd  the  96I  ca*^ 
hand  are  deelnated  by  (OC^)  and  (ICPO),  respectively.  Their  energy 
levels  sra  11m  ua'^  and  1588  ee*^  above  the  r*ro-polnt  energy  level  (00^0)- 

Tha  quantity  r<8)  la  daftaad  as  the  fraction  of  the  aoleeules  of  a 
Bolttaana  gas  in  the  entrsy  stats  at  tsBpsraturs  8  (in  If  E^  Is 

tha  energy  above  ths  tsro-polnt  energy  level  of  ono  of  the  lover  vlbia- 
tieoal  ateass  involved  In  the  present  Investigation,  aud  6]^  and  8- 
two  tsiparaturea  ntar  roca  taaqptratuie,  It  can  ba  shown  that  the  roUow- 
lag  arvieaaloa  la  approxleately  true; 


If  ooa  aaauMs  that  an  Insreast  in  the  population  of  tha  lower 
energy  state  by  Ibcreaaed  teaperature  pruduoes  Un  mtm  effaot  os  the 
total  abaorpttoo  sa  ths  aaae  relative  increase  In  abeorber  eenceotratlon 
V  at  eceataat  ta^ratuie.  It  foUows  frow  8q.  (U)  that  an  effective 
eonoentiatlon  can  be  found  by 


where  v,  v  teappracuiw  A;.  On  the  beele  of  Bo.  (!?'  rue  would  e«- 
yeet  Uiat  eiverlaentaily  dete^ned  wlues  of  log  (Wy./w)  .uald  yield  a 
eeiatgat  une  ii  piocveu  eialMl  u/»]  •  i/ep).  Value#  ol'  w^/w  were  da- 
tnralnel  froa  the  date  end  the  suggested  cunms  plotted  In  W«n  *Allo«lng 
aanrar. 

•■nos  *hr  curve  In  part  A  uf  Fig-  <^5  comepoudlcg  to  w  •  8)0  ataoe 
ea,  ur.v  scae  that  e  tncal  ebeorptlon  of  ?^.0  ea**  for  the  1084  ea*^  band 
eoneepoadv  a  «v>;retaturt  of  and  a  total  abeoipttoa  of  8}. 4  ea*^ 
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corraaponda  to  •  taa^aratura  of  i6°C.  Trm  tha  eur*«  la  fig.  20  ana  aaaa 
that  total  atoaoxptloaa  of  23.0  ok*^  and  2}.h  ca*^  oorraapond  to  aaluM  of  _ 
aP,  a^ual  to  8600  aad  K,900,  raapoctlv«>^y.  Tba  aetwJ.  vaViM  cz  ^tP  '- 
la  not  lifortantj  hut  tha  appazant  affactlva  coneoatrattCB  la  Ineraaaal'op 
10.^/6600  ■  1.2K.  niaiiar  calculatlooa  vara  aada  for  Ii6,  $6>  6b,  and 
76^  and  for  tha  ourvaa  oorraapoodlnc  to  a  ■  1}88  and  890  ahaoa  ea.  lha 
ratio  Mfj'n  la  banad  on  a,  >  v  at  26^  for  all  eurvaa .  Bm  caleulaM 
valuaa  of  aa/a  fcr  tha  thra*  dlffarant  aau  of  aaaolaa  aura  plottad  In 
part  C  of  rig.  £}  In  tha  awnar  auggaatad  ahora. 

Oaa  aaaa  that  tha  polnta  la  part  C  uf  rig.  SO  fora  a  atmlght  llaa, 
althln  aapaetad  aj^ariaauUl  arror]  and  It  ana  fotad  that  an  affaetiaa 
r.haorbar  eoacantratloa  oan  ba  ealeulatad  by  tha  foUovlag  afnatloa: 

a,  -  a  anp[l990  (l/89>-l/«)]  ,  (U) 

ahara  tha  factor  (1930)  aaa  dataralaad  froa  tha  alopa  of  tha  lina  In 
part  C  of  Tig.  83. 

Similar  ealeulatlona  aara  aada  for  tha  961  oir^  baadj  ealealatad 
valuaa  nf  ara  plottad  In  ^rt  9  of  Tig.  83-  tha  alopa  of  tha 

lino,  it  aaa  round  tnat  «aa  afzaetlva  ahaorbar  eoacantratloa  for  tha 
961  ea*^  band  la  glvan  by 

a,  •  a  anp  [  XHft  <1/890  -  i/o)]  (Ih) 

Tha  arvarlaantally  datancinad  eoastanta,  1930  and  2010,  In  X^.  (13) 
and  (Ih)  can  ba  oo^paraa  aitn  K^/k  rf*<»  Six-  (u).  If  tha  aaargy  anlu* 

1286  oa*^,  aUoh  corraaponda  wi  tha  106h  hand,  ia  aubatltatad  far 
Ci  la  Bg.  (11).  oaa  abtalna  1830  la  eoaparlaea  alth  tba  atpnri—i tally 
datarmlnod  amlvia  of  1930-  SlnUnrly.  If  1388  la  aabatttvtad  In 
B|.  (11),  ona  obtalaa  SOOU  In  emgpnriaen  aith  tha  aiparl—tanj  datar* 
■laad  aaluB  of  2010  for  tha  96I  oa*^  baad.  2a  alaa  of  tha  aaaavtlea 
■ada  and  tha  poaaihla  atyarlaaatnl  arrora,  thla  apaaMBt  la  gnlta  good- 
<ka  than  cgncludaa  that  tha  dapaadaaaa  of  total  abaorptlen  at  thaaa  *Bot 
baada*  rn  t  laparatura  oaa  ba  agproirtaataly  aig^al^iad  oa  tha  baala  of  an 
Ineroaaa  In  affaoUva  ahaoZbar  oonoantmtlea  uhleh  la  proportional  to  tha 
Inoraaaa  la  tha  population  of  tha  icwar  vtbratloaal  atavaa. 

On  tha  baala  of  thla  ecMlualoo,  ona  uomld  aiqpaet  that  Va.  (9)  ami 
(10)  eould  be  uaad  to  pradiot  tha  total  abaorptlon  of  awpXc  it  tanpnra- 
turoc  botMuan  80^  and  70°C  by  subaUtuting  far  v  tha  valoa  of  w,  froa 
X«a<  (.^3)  or  (;.>i)  raapaotlvaly. 


) 


1P8 


R.  co>PARie(*i  or  msniT  mvLn 
vin  73083  or  mime 

edamtiM^  hM  ncaittly  publlihed  rtaulta  of  Maarraanta  of  toUi 
abaerptloa  st  aatatal  CO2  baada  at  ta^paxataxaa  froa  aablaat  ag  to 
ISSO'Hc.  lha  aaaplaa  for  vblob  Idaaida  aaaaurad  tha  total  abaexptloa  of 
tba  XO&t  aad  ea*^  baada  eoatalaad  raUtlaoly  aaall  aalaao  of  v;  tha 
total  abaotpUoa  for  the  aaaplaa  at  rooa  toaparatura  aaa  tharafoi*  aaall 
aad  tha  aaaartalaty  «aa  lathar  larta.  Iha  a^alaalaat  piaaaurta  of  aaajr 
of  tha  aaaplaa  laaaatl^tad  by  Uoaida  vara  eoealdaiably  hl^r  than 
tha  "«»<<■■<■■  lalna  of  3000  m  Ig  oaad  la  tha  praaaat  atudy;  thartfoxot 
tbara  ara  oaly  a  fav  of  bla  raaiiiu  whleb  oaa  ba  ou^arad  dlxaetly  with 
theaa  of  tha  praaaat  atodr-  Iba  total  abaoiptloaa  of  tha  aai^iaa  ahlah 
eoold  ba  eoapaiad  vara  ia  aoat  caaav  approalaataljr  30  to  bo^  laaa  thaa 
tha  aalaaa  pradietad  far  thaao  aaiQlaa  ea  tha  baala  of  tha  aurwa  la 
riga.  80  aad  8£.  laaa  thla  larga  dlfforaaea  aaa  althla  tha  aaparlaaatal 
aaaartalaty  aiK«a  tha  total  abtoxptlooa  balag  aaaaunid  «aia  *mXl. 

Iba  langaa  of  taopantuzao  eoaarod  by  tha  too  iBiaatlfatieaa  of  tha 
106b  aad  96I  aa'^  baad  oara  ao  dlffbraat  that  tha  loaalta  eouU  aot  bo 
eaoparad. 


IMaarda  alao  laaaatlaatad  tha  '»tal  abaoiptloa  by  tha  othar  OOp 
b«%la  aoaorad  la  tha  praaaat  atady.  81a  laattlta  for  tha  873-^93  es*^ 
xai;toa  olU  ba  eonarad  to  tha  praaaat  laatlta  la  tha  aoat  aaotloa.  tb» 
raatlta  of  tha  37lo  ♦  3609  oh*^  baada  aad  tha  8530  aarl  baad  ceoOd  aot 
bo  eoaparad  alaea  thi  total  abaeiptlea  of  tha  aaallaat  aaapla  atadlad 
by  Idoarda  oaa  appro.'daataly  opual  to  that  of  tha  larfaat  aaapla  uatd  la 
th:  pibiOBt  atady* 


01.  nmiMma.  (oma  roi  rm 

873  •  b93  tar-  BIWAl  HWIOM 


tba  <173  •  b93  oa*^  apaotral  ragloa  oaa  dloldad  lato  floo  Bah>rBgleaa 
for  uaa  poiyeao  of  aaalyalo.  Tiaclaip  of  aaay  of  tha  abaeiptioa  earvaa 
ara  obowa  la  Flfi.  >b  .  tS;  tha  oarraa  of  Fig.  38  eorraapnnd  to  aa^laa 
of  COp  aloaa  at  tarloaa  tawpamtara*  abooa  ahblaat,  obtla  abaerptloa 
oarraa  ta  tha  othar  flguraa  lonaapead  to  aaaploa  aoar  aaMioat  taapaia> 
tart.  Iht  apaotral  aUVotdth  ladloatad  at  rartout  fiogv^^lto 
ng.  3b  appllao  to  thi  abaaiptlaa  ourvaa  la  riga.  8b,  33,  M  36»  >hteh 
wtiv  obtalora  with  tbo  Nodal  99  apaetrxaatoi'i  whtla  tha  apastral  allt- 
oldtb  l^eatad  la  Fig.  31  appUod  to  tha  abaorptloa  earoa  la  Flgo.  87-38 
ahlab  aara  obtalaad  oith  ttv*  Nidal  Cl  Bpae’.taaator. 

7b*  data  tfo  piataatad  la  Ibblt  *>,  oblob  laeluda*  tor  'otlata  of  tha 
■Mn  fraeUoaal  abtorpUM  I(r|-*p)  for  aaah  at*«tml  aah-iagloB  aa  oal) 
aa  tha  total  abaorpttoaj  A(a)do  foi  tha  aatlra  apaetial  laglea  b95  •  873  ««  * 
ahioh  vBii  I  »  .or  poaalbla  faUra  by  othar  oorhara. 
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In  the  core  of  eanplea  having  small  value  of  w,  t'rj  major  portion  of  the 
absorption  occurs  near  the  strong  fun'iamenuil  band  at  6t<? 

In  Fig.  J3  arc  plotted  six  curves,  each  corresponding  to  a  different 
absorber  path  length,  ^rtiich  relate  4(720-871  cm"^)  to  for  c;•^;.r^e.^  cf 
CO2  alous.  It  is  noted  Ui&t  the  values  of  A(vi-V;;)  .'hich  ai's  jl."r,v.i  Is 
Figs-  have  been  corrected  to  a  teaiierature  of  26°C  by  use  jf  tlie 

curves  of  fig.  i6,  which  relate  the  increase  in  ^(vi-vg)  to  temperature. 

1(720-875  es-I)  was  plotted  sgalnst  P*  in  Fig.  34,  where  each  curve 
eorrsApoiul:.  to  a  given  valiin  of  w  as  imllcsted.  The  x's  correspond  tj 
ssE^lea  of  CO2  alone  and  tbs  O't~to  saa^et  forced  by  adding  II2  to  the 
CO2  saa^lc.  The  triangles  on  each  curv*  cori'sapond  to  values  taken  froB 
the  curvee  of  Fig.  33;  these  values  were  obtained  by  first  calculating 
for  each  cell  path  length  the  value  of  P,  which  corre^pjr.d'sd  to  the  values 
of  w  listed  on  the  curves  of  Fig.  34.  The  values  of  A(7PC-C75  em'l) 
coirespoadiag  to  the  calculated  velues  of  Pg  were  then  detemliied  frosi 
Fig.  33  xtd  plotted  in  Fig.  34.  By  using  oie  values  rapreaentad  by  the 
trlsaglea  in  Fig.  34  it  was  poaslble  to  extend  many  of  the  curves  over 
considerably  vlder  ranges  of  values  .of  P,.  The  sets  of  ssbqIss  with  v 
less  than  US  atmos  cm  cu^dd  have  been  formed  by  starting  with  seall 
amounts  of  CC.,^  in  the  3<^'<^9  cell  ar<i  adfisg  H2  ^  obtain  the  required 
•slue  of  Pg.  Tliia  proeimcra  was  not  foUewad  since  the  initial  partial 
pressure  of  C0£  for  each  sample  would  have  been  too  lev  fer  seturate 
Mesui'esaut .  Further  error  might  sleo  arias  fr-im  adaot^tion  at  COg  on 
the  call  wmlls;  a  pheaomsnoD  which  la  more  serious  at  low  pressures  and 
which  was  diacueaed  in  aosw  detail  in  Appendix  1  of  Report  1. 

the  two  curves  la  Fig  3*1  eorrmspoodlut  to  v  a  >730  and  2945  ataos  cm 
represaat  saaides  C3(i*C41,  which  were  iinvtstigatod  by  use  of  the  Model  21 
with  a  HsCl  prism.  tb«  oUtsi  ouives  rsprsstht  semplsB  tnvwstlgsted  ly  use 
of  s  KBr  prln,  with  which  was  t!.*uessary  to  use  larger  spaotral  slit- 
widths. 

tha  ymluss  of  X(7SD-8V5  cb'I)  for  the  NaCl  data,  s/'.st  of  which  is 
not  reprstented  in  Fig.  34  since  it  would  result  in  ovororewdiac  of  the 
s'urfts.  were  cohered  with  values  predicted  on  the  baete  of  tha  KSr  data, 
la  moat  eaaes  the  dlffsrwce  waa  leas  than  with  only  a  few  values 
dlfferir  *  by  as  auen  aa  S$.  lae  ainaraness  a.'a  halieved  tc  he  dua  ehtefly 
to  sKpariasatal  errors,  not  to  dlfretenues  uislng  frois  differing  spectral 
slit-widths. 

Values  of  I(7aO-t*?5  cm*'^)  ware  obteltisd  from  the  curves  of  FJg.  34 
and  verr  plotted  In  Fig.  33  sgalast  w  for  toe  differant  v  use  of  P^  in- 
.itrs'-'  rbo  *«s«>oths4*  rorvt—  .if  ts  n-s  b-ll,-.sd  u  oe«t  fopresetit 
«‘ir  xU,  and  the  polhU  which  were  used  to  deteralns  thaaa  curves  were 
.V  ii<-u  u  order  tMt  values  could  be  reed  free  Uie  uui'vet  eor»  readily 
It  _U  rtcucgynJ«-  tba’.  Kin,  ir  and  the  corresuoiidina  i'idy** 
rC-.ir  spei'tral  sub- regions  be  usei^  determine  valuer  cf  atvx-vaJf’Jf 
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Cur.'es  correipouiUuts  tu  Uiuse  lu  figa.  33  >  3‘>>  33  dnivn 

for  th«  other  sfeotral  suh- regions  tuid  are  SuChti  In  Tlgi.  %-  }*?>  Ito 
figure  yes  drawn  for  the  U95  -  545  cm"^  Interva],  whieh  related  A(495  - 
51*5  to  P,  for  auples  of  CCK  alone,  since  only  the  saaplee  of 

Large  w  produced  a  MMumhle  aaowt  of  abeorptlon. 


A.  OTISCT  or  TUffBPATURE  OR 
HBAR  mflTTiHUI.  ASeORPnoil 

Several  of  the  absorption  curves  obtained  for  saaplee  at  elevatad 

ar«  ^hnwn  In  Fl<r.  for  thoso  SSS!plSfi 

.'bif.,  -  1^,3 j  «xv  o.vcn  x.n  iaoile  it.  Only  samples  of  CO,  alone  wars  ln> 
vestit^tedi  toe  prsssuree  of  the  eaaples  were  ebseked  at  the  varloue 
Maperatures  and  were  found  to  Increase  essentially  as  for  a  parfeet 
ne  ahsorptloa  curves  for  the  sa^plss  at  elevatad  teapeiaturss 
wars  found  to  be  erratic  In  the  vicinity  of  the  •  ->ls  ea*^  sub-re- 
glon;  anl  these  porllonii  uf  the  curves  were  theret'ore  caitted  froa  Fig. 

32.  The  axeeeslva  scatter  In  the  data  ny  have  been  caused  by  the  water 
vapor  in  the  tpsetroMter,  whose  teaperaturc  increased  ea  the  absorption 
eaU  was  heated,  or  by  taapeiature  gradients  within  the  speetroMter. 

It  le  also  poitelble  that  the  aepllfler  gain  wee  not  sufficiently  high 
for  the  reoorlar  pen  ts  rwspoad  nroperly.  Ragirdleee  of  the  cause,  the 
results  for  this  spsctral  siih-rsgton  wsrc  aueh  Isss  consistsnt  thsn 
thoss  for  the  reeelndar  of  the  absorption  eurven,  end  wire  oadtbed  In 
easing  anaiytee. 

ne  assn  fraction*.!  abiorptisa  of  each  or  the  other  foux  IhUi  .alji 
Is  plotted  egalaet  teeiperatvire  ta  Fig.  The  eaaa  fractional  abeorp- 
tlons  of  all  four  Intervale  Inerease  with  tescpereture.  le  attesipta 
were  eade  to  eoapave  the  oheerved  Inereeec  la  abeorptlon  to  predletlone 
beeed  on  the  ehaaget  ta  pcpulatton  of  eertatn  energy  levels.  Two  or 
■ors  hand*  nnntrlbate  to  tbs  ebserptloa  la  say  of  the  assctral  sub-regleasi 
and  a  alapla  elaeuLatlou  aueb  aa  that  aads  Ir.  eonnaetlon  with  the 
and  961  e«*^  baada  cuuld  not  be  mda.  OetalLid  ttaaorstloal  ealeulatloia 
of  Uie  eifecl  of  tei^sratttrt  variation  on  tha  abaorptloa  by  COg  In  the 
873  •  *>94  ee*-^  region  havw  been  Mds  by  ssveial  tnvestl^tors  laeludiag 
lasaeorl'. 


3.  COtVAlUSOi  CF  raSULTB  WITH 
nSVlOUB  VOFK 

Tvn  W  iwport  contains  the  results  of  nsasursasnt  of  total  ateorp- 
bx  saepiss  ot  vilj  and  nlstursa  in  the  -  .5  ea** 

•“•'■rl  •'■dies  oaaplee  Ir.oludr  otcorbr:  ccuciii.auon*  iu  U.s 

laags  frui  approalaabaly  1  to  900  atnua  on,  and  tha  rtaoita  can  ns  con- 
parse  with  tha  rssulta  of  tba  arsssat  lavwati^tlon.  It  la  sot  oosalbie 
to  ronparr  tha  total  absorption  or  asan  fraetlopal  absorption  of  eseh 
s;.t>rsgtcn  since  only  the  totel  nbaorptleo  of  the  entire  regieii  is  listed 
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in  the  HBW  report.  Value*  of  totri  p.ressurs  P  e.t:,'.  COg  partial  preesiire 
p  from  the  SSm  daUk  «e.re  u>  calculate  the  «a;.ua  of  equivalent  pree- 
■ttie  P.  for  each  aoinpl*  by  use  of  Sq.  (5).  Ads  value  of  P,  alonit  w'th 
the  value  or  y  was  used  with  the  curvaEi  of  ^({S.  .T>5.  3^  4l,  Ut,  and 
to  predict  the  Man  fractional  absorption  produced  by  each  aaeple  in 
each  of  the  five  nub-rs^ons.  The  total  absorption  of  Mch  cub- region 
vaa  thee  ealeolatad  fro*  the  Man  fractional  tbsorption  by  uae  of  Kq. 

(l)i  the  total  abaoiptica  of  the  entire  region  was  tben  found  by  adding 
up  the  resolta  for  each  of  the  five  sub-ier.l'ins.  Thij  velue  of  total 
absorption^  which  was  predicted  for  each  itaiipls  on  the  basia  of  the 
present  work,  was  coepared  with  the  value  obtalMd  by  BSH. 

Tbs  eaeplee  havlag  the  eMllest  abBr>ber  conoentratiou  ehowed  the 
greatait  deviation  tetweea  predicted  value  of  total  absorption  snd  that 
obsarvsd  by  RBtf.  ibis  is  a  result  which  ons  ai^t  sxpset  since  the  COg 
penial  piesaure,  which  le  proportional  to  w,  was  too  low  to  be  Mesured 
accurately  in  tha  SSSf  study.  Irrore  in  the~ deterdnatlon  of  y  as  a  re¬ 
sult  of  adsoiption  of  UOe  on  ths  call  walls  also  contribute  giester  rela¬ 
tive  error  in  the  predicMd  values  of  total  abtorptiou  for  saaples  con¬ 
taining  a  low  CO2  pertial  pieasore  (so#  Appondlx  I,  Report  l).  Uncer¬ 
tainty  in  the  position  of  the  lerc  ebaorptlon  curve  also  contributes 
grseter  relative  error  in  the  MAsureMat  of  total  absorption  of  sa^pl-s 
of  sasll  V  whoso  total  absorption  ir  csall. 

Othsr  than  ths  fact  that  the  largest  deviations  wars  atcnclafad 
with  ses.i.es  producing  low  total  absorption,  there  was  no  apparent  corre- 
latioi*.  between  ths  deviation  .-.mi  either  of  the  pareaetera  y  or  P,.  The 
predicted  values  of  total  atscrptlon  averegsd  approzlaateiy  i.Qf  less 
thti  ths  observed  values;  lr.it  pbenosrnon  could  arise  fro*  s  nusbar  of 
things  I  each  ea  syeteaetle  sirore  in  saitpllng,  errors  in  oellbimtlons 
of  the  speetroMtera,  errort;  tn  the  poeltloaing  of  the  sero-ebcorptlon 
curve,  eto. 

The  root-MSn- square  deviation  was  found  to  be  approidnatoly 
e  leanlt  which  iudioetee  Uw  eApeilaential  nviw  in  ths 
soMirtint  large."  for  the  BTS  -  hot  en*^  band  (X3-nieron)  than  for  the 
other  bends. 

The  data  reported  by  Uwnrls^  for  the  ij-doroa  COg  absorption  in¬ 
clude  lo  eoaplse  at  oablent  tegpemture,  whose  vnliMa  of  w  end  over¬ 
lap  thcje  covered  la  the  vkeeent  study.  The  value*  of  w,”P,  p  fn- 
IdeerdLa'  used  with  the  curves  presented  ln~this  section 

of  this  report,  la  the  saae  mnaer  as  wa:  done  for  tha  ION  data,  to  pre- 
dlut  ths  total  ebsurptiun  01  each  essi^ile.  With  the  sxn»ptl''v  of  the 
seaple  prod  log  the  least  total  abeorptlon,  for  which  tha  ^  edictod 
total  sbaor,  tlrn  ma  greater  tusn  the  observed  value,  the  ikviat.oa 
oetween  predieted  and  observed  valuaa  vns  less  than  3i.  The  predicted 
velm  averagsd  appronleately  3^  greeur  than  the  observed  'niuoi  this 
rrvuit  conli  b«  pertiailjr  ei^lalned  by  the  fact  that  the  Eduards  reaults 
were  obulned  sitfc  aseniee  at  20a®r  whvia  the  praasnt  d*t»  were  Obtained 


at  I;'  tae  pretuetea  valuea  liail  been  corrected  to  294*^,  the 

deviatlou  vould  have  Mfm  even  Xesa;  vitb  U\e  exception  of  the  cik- 
aMiple  the  wylMiiii  deviation  would  have  been  approxtaately  3 
the  aver^  deviation  would  have  been  very  aaall.  Cue,  one  concludes 
that  the  agreeHnt  Is  extreaely  tfood  sad  is  •.•ell  within  the  estinatsd 
ej^erlaental  error.’. 

The  jBdaarde  lata  and  the  HBU  data  provided  check:  for  the  ssii|i1es 
of  the  present  study  idilch  have  intexaedlate  values  of  wj  but  no  data 
■n^-e  available  to  cohere  with  the  snail est  and  larfiest~values.  It 
should  also  he  noted  that  the  --i "•!»■»  ''alue  of  equivalent  nieaeure,  as 
deteralned  by  Xq.  (3)  for  the  Idnards  data,  was  383  m  hs- 


''11.  BdH)  IK'liSi 


It  ens  dsnonstrataa  in  Bsport  1  that  under  certain  conditlonB  the 
band  Ixtensltgr  Jk.(v)dv  of  an  abeorp’ticn  band,  sdiera  k(v)  is  tbs  ahsorbar 
coefficient,  oan  be  detemlned  frcn  curves  relating  the  total  absorptlan 
to  abaorbar  cosssr.'tratiaa.  The  total  absorptian  for  —nr^**  ehlcb 
kfv;  w  <  <  1  for  all  frequencies,  is  related  to  -the  band  Intensity  by 

*(v)dv  •  w  lk(v)d»>  (15) 

%e  condltlanB  fur  the  valld.Lty  of  Bq.  U3}  correspond  to  nigh 
pressures  and  rasll  values  of  w.  For  sufficiently  high  pressures  and 
ansU  values  of  w.  It  followi!  fron  Sq.  (1$)  that  curvss  such  as  those 
In  Ilg.  3>  for  <£lch  the  log  of  JA(v}dv  is  plottea  against  tha  log  of  w, 
should  be  Hfwr.  with  a  slop.';  cf  unity.  The  value  of  ./■i.(v)ilv  cen  than 
be  detaxslnad  directly  frun  tha  linear  portion  of  tb<  curves. 

In  the  present  e-tudy',  few,  if  eny,  of  the  samples  had  pressuree 
sufflcisatly  high  ana  values  of  w  sufficiently  aasU  so  that  the  simle 
linear  relstianshlp  given  by  >q.~(l3)  was  conletely  valid.  HoHever.  it 
•-■a:  possiha-  to  estrancilate  to  siiallsr  values  of  w  the  eurrep  '••.•rrespond- 
Ing  to  the  largest  value  of  is  Fig.  3  and  ir,  'i£e  earrespanc;i..«  figures 
i'vr  'the  other  band:.  Frcs  the  nrtr.~pnlntcd  portloar  r  .the  It 

then  pnaaible  to  estiaate  tfas  values  of  band  intensity  Jk'v)dv.  The 
extrapolated  curves  were  based  on  the  fact  that  the  slopes  of  the  curves 
increase  eltb  daeraaslng  w  to  «  sins-lniii  val  .i*-  of  unity,  Kid  at  *111  of 
toe  curves  representing  ddjferent  values  of  tend  to  couvaiu*'- 

It  J.r  recalled  that.  vaJuei  of  eeaii  fTS'-tional  «bs'or;''’ion  , 

rather  than  total  abserptlnr.  'f.'v,'!-’,  were  detenainel  fer  t.he  sub-regioub 
Ion.  tterei-’-”.  ir.  oroer  to  dvCcralne  the  In- 

nOr.  han't,  it  Wnt  uvcvvvai'y  u;  waltMtv 


in  t.'-e  875~495  rsrl  reg 
tcns’.ty  of  tho 


1 


ofjA(v)dv  from  rumoJiufs  of  a(vi-V/»)  for  t.h»  6l7  -  667  and  667  • 

720  CB*^  sub-ragicns  from  Tigt^  and  78  reip«ctlv»ljr.  Tbe  sbaorptloa 
by  the  667  eis'^  t«nil  la  UuHted  to  these  two  sab-reglona  for  nalo*?  ' 

V  and  P,  represented  by  portlona  of  the  eurvaa  used  tu  determine  the 
tend  Intensity.  Kaplan  etnd  Eggera°  bSTS  found  that  n  small  portion  of 
the  absorption  In  the  two  s>ib>iegloDs  given  above  arises  freai  vsak  bands 
other  than  the  fundsasatal  tend  vhose  center  oocura  at  667  c«"^.  Tno 
value  of  band  Intensity  for  the  667  cn*^  tend  therefore  Includes  a  small 
contribution  not  due  to  the  fundaswntai. 

Cie  Intensities  of  the  other  tends  In  the  875  *  ^95  ca*^  region^ 
vhose  p-^imlnent  Q-branches  are  seen  in  Pigs.  25  -  vere  not  datermlned 
bccir.5a  of  overlapping  of  the  different  tends.  The  intensities  of  tvo 
of  these  tends  have  teen  determined  from  hlgh-resolutlon  spectra  by 
Kosthovskl  and  Kaplan?. 

Because  of  the  extrapolation  which  was  involved  in  determining  the 
values  of  tend  Intensities,  the  uncertainty  la  approximately  20  to  25*. 
and  Is  soamwhat  greater  than  for  the  results  given  in  Report  1.  If  the 
dataraloatlon  of  band  Intenaltlas  bad  bean  the  primary  rather  than  a 
secondary  purpose  of  the  praaant  Invaatlgatlon,  hlf^r  pressures  would 
have  teen  used  and  sure  emphasis  would  taavs  been  put  on  sagples  of  small 
w. 


Ihs  valuee  of  tend  IntShSlty  which  wre  do-SArminsd  In  the  present 
investigation  are  listed  In  Ihble  5,  alone  with  the  reeulta  of  other 
workers  for  comparison. 


VIII.  8UMMRT 


The  work  covered  in  the  present  report  has  dealt  with  the  ir.frmrad 
obsorptlon  of  carbon  dioxide,  and  is  Intaiuliu  as  a  supjilemsnt  to  earlier 
work.  Sasvlae  eonsiatlag  of  carbon  dloxlda  alone,  and  In  binary  nlx- 
t.'irns  with  nitrogen,  have  been  Investigated  over  vide  ranges  of  absorber 
cor.ceii  brat  Ion  w  end  total  pressure  P.  Prom  the  absorption  by  each  band 
nr  spnotrai  interval.  It  vaa  possible  to  deteimlAS  either  the  total  ah- 
soiptlon  J'A(v)dv  or  the  mean  fimetlcnal  absorption  eauu 

!£=pl'!.  C'ur.’cs  d:t  presenUu  whluh  unov  the  total  absorption  of  tbs  COn 
bands  St  5716,  9609.  2550,  ICoit,  and  961  cm~^  for  vai'ious  valuss  of  ab- 
s'rtfr  -  .."»iito»'ior  •«  a  function  of  aqulvalent  prsasurc  P,,  vhloh  la 
a  pamawter  that  includes  the  total  prassuw  i  and  a  small  1  Utlonal 
tens  proportional  to  the  partial  presmnvi  of  tb*  absorb] nx  Hui.  Similar 
eetp  of  curves  tor  tbr  sub-xegtons  In  the  8r5>sv‘>  ea~'^  region  Mre  drawn 
.-.iiO..  :.uu  "jan  fractional  absorption  as  a  fmctlon  of  P,. 

.ti'.ctiici  ::et  of  curvet  shove  the  total  absornt.inn  of  each  baud  and 
the  .h'c'.i  fractions:  absorption  oi  esob  spectrsi  tub* region  for  various 
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equlvalenV  pressures  as  a  lunction  of  nbsort-er  coTjccntratlan. 
turves  provKie  a  aeana  im'  pisdictiug  total  absorption  or  mean 


Tiiese 

’racti-ri’ 


narametera  eover'i  in  the  study.  It  was  also  possible  to  obtain  empiri¬ 
cal  equatlcri-;  •hlci  total  absoi’ptior.  to  w  and  P„  tor  certain 

limlled  values  of  ■  ai  abaoi-ption /A(  v )dv  and  equivalent  pressure  P». 

'Vbaorptiot  euJ  vea  '.'or  the  106h  and.  961  cm"^  bandn  as  -rell  as  for 
tnc  8?'..  99",  cm"  ^  tefHon,  were  r.ntalned  for  different  samples  of  COg 

u  ..  'empcTT-turee  from  cmrier.-.  to  approximately  7(f'C.  Hie  effects  of 
‘■er.p.-.-'iture  on  the  bsjrptlor.  v'ere  lliuotrateu  by  the  use  of  graphs, 
t*.  ■.nj  found  that  for  the  tempeiot  ce  range  covered  it  is  possible  to 
predict  1.110  .r-.c  eaao  in  total  atrorr;  ion  of  the  106^  and  96i  cm'*  bunda 
py  U;'-  '1  It.  “I'lnestarj'  facctlon  whica  is  based  on  t!  ■  calculated  In- 
c~f  c  In  popi  .t. ' '  ^r.  of  the  lover  energy  level  gl'.’lng  rise  to  the  absorp- 
tl  on . 


KaIcu^i  k  ablej  wnicb  l.nclude  all  the  COg  aosorption  data  are  pre¬ 
sented  at  t.ne  end  of  the  reiKTt  for  the  use  of  oihe>-  Itivesti  jstorr  who 
■ay  he  interea*id  In  an  analysis  different  from  that  given  in  the  present 
report-  • 

n.  li  t.h.in  *.  •  pT^R*r*.t.  v{ll  be  useful  to 

tors  who  are  Interested  in  the  many  types  of  atsospherlc  studies  Involv- 
Ing  the  absorption  and  emlnsion  of  infiered  I'adlatien  by  carbon  dlorlde. 
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ABSORPTION  BY  ATER  VAPOR 
AND  NITROUS  OXIDE 


I.  ismoBv^noie 

Tfel*  1«  Um  thirl  aal  flaal  report  >1— ling  with  th*  rewultt  of  r 
rwMwch  prognui  concwnMii  with  the  •beorp«>lon  of  Infrwrtd  roJlwtl  ji. 
oy  warlott*  otaoipherle  liMO.  Ste  :oatent.«  of  thw  thrM  iwporte  orw 
u  foUowo! 

nPOff  1^:  Ahtorptloa  hy  oltrou*  oxldo  Id  th* 

SS2k  em~^  rwglODi  •beorptlon  by  euboa  ■nntatlA* 

In  th*  rwgloa  of  It*  fuaiaantal  band 

and  Its  first  ovartoaa  (^860  ea'*)  baad)  ahsorp- 
tloa  of  astbans  bands  at  30G9  aa*^,  17^  (sa~^. 
sad  1306  ea'^. 

■rar  2^i  dbsesptloa  by  oaiboa  dloslds  bands  at 
8350  SB-1,  -t  jeo9  ea-1,  at  5TM!  ea-l,  at  96L  ea**, 
ea'l,  and  In  ths  ranfs  875-195  «■**• 

FOUL  tntKT  (barawlth)  t  A  stadjT  of  tbs  rolatlvs 
prwssurs  "brnsdsalag  ablXlUss*  of  all  of  ths  ab- 

aorblag  pass  stadlod  la  tba  rsaaarob  proataa,  aad 


of  sojrtoas  taastlva  gasi^?-  *  --rptlan  by  sabai 
ssfor*  la  tba  ra^aa  of  Its  nsraltoa^iKotatlon 
imniB  at  ea^.  at  5332  ca'l-  tns 


bands  at  1595  ea’ 

t  akMMtiai 


r^i  ■fcMffUot  Ailrott*  esrl<lt  %mA«  m% 

1-1,  »A€l  sa-},  law  Ufir  sa**,  tm  sa-1. 


ea-*,  ia«l 
sad  at  589 


A  yartlaa  of  tha  InU  oh  ths  breadantag  ablUtlas  of 

>n»:t'«o  <pass,  aad  oa  tba  00,  sad  OCb  baada.  taa  savaaiad 
yrawtiMOly  la  Fb.D.  dlSMrtatloas  by  two  w  as.)>l  Jtaasewr,  addl- 
tiasa,.  data  tatlsdad  ta  tbs  tbfM  ragorta  aatHaad  abawo  waaw  aat 

iaBlv4ad  u  tba  is  dlaaartailan:. 

Iba  yrsaaat  rsssnrea  tMraam  is  a  aoatUaaUoa  of  two  sarUwr 
stadias  aada  ta  tbtt  dr^artBaat,  la  1918  bar  9mimm  aad  aooBid,5 
aad  la  1993  by  dswaid,  Istwb,  Md  MlUisasO  (basoaftar  rafsrrad  ta 
as  av.v 


tts  isysriasatal  astbols  aaod  la  gbs  wi^Hag,  u  bbtalalag 
Um  aUMe^Uwa  «wr«as,  sal  In  sasJystag  tba  aaia  waro  aassrtaaa  la 
Biiuit  1  aad  will  aat  ba  rtyaatod,  with  tbs  sassatloa  of  tba  Mtbad 
Of  saspltag  water  sayor  wbtsb  Is  daoarlbsd  bslaw  ta  dMtlaa  Vli 


oeigdnal  glass  tasiwdad  a  sta^  of  watar  * 
b8»-10OO  aa‘>  rsglaAi  baas  war,  tbls  ywrttsa  of 
yoasd  sad  will  grwbably  be  daas  as  a  pare  of  an 

la  ^’s  labstatory. 


'■n 


Vlk].u*a  of  ^ocrbor  partial  praaaura  p,  total  protaora  P,  und 
a^valaat  praaanra  P«  (aaftatd  ay  aqp»itjo  (5)  ara  axpraaaad  la 
tuiltt  of  as  I'g  absolute.  Abeorbar  path  l^nirtb*  ar*  in  *■•  baitwa 
of  abaorbar  eoiieantratl'«  «  of  uatar  vipor  ara  In  uilta  of  praelpl- 
tahla  oaatlMtara  (abbraelatad  pr.  ea)  abtcb  rapxaaaBts  tba  lopth 
la  eaatiaatwa  of  tha  aotar  ttot  aeolA  bo  Obialaad  if  all  tho  aotar 
\‘i#or  is  a  mil  111  ooataliilin  tba  boas  vara  oooteoaad  out.  tta  nluas 
abaofbar  eoaeoowotloo  of  ottor  laa  aa^loa  ara  avraaaad  ta  k  ita 
ataoa  ea,  aad  ara  fauat  by  aaltlplyiac  tba  abaeebar  patb  laagth  la 
Uaaa  tba  abaorbar  partial  praaauia  la  ataespbaraa  eorraotad  to 
ataadard  tai^irotuia. 

Praqaaoeioa  aad  talaaa  of  total  abao(pUua/d(v)«U>i  abara  d(k/ 
la  tba  obaarvad  fraettoaal  abaurptlos  at  *Tigaaaay  v,  are  la  aaita  of 
aa'^j  oad  baad  tatoaoltioajk(v)da,  vbara  k(»)  la  tba  abaarptloo 
aoafflolaat  at  fruaaaay  v,  ara  la  aaita  of  I.T.P. 


j 

I 

i 


■“  i  ^  t  ft  n*.  w  n*  r>i»M!ri 


epeeitl  e«t«  of  m  blaary  nlxtiire  of  *n  B%*orblaj|  91a  a  ud  a 
broadonlnc  gtt  b.  The  euaMtlon  in  (1)  nil  la  tbie  ute  have  Leu 
teraai  a  Mlf-Sroadenlnc  ter*  in  ehlch  1  •  a,  and  a  eeeoBd  tcra  fcr 
the  effeete  of  broailenluf  b>  tho  Inert  1  ■  b.  Bq<«atluD  (1) 
aeauwa  the  fora,  . 

a  -  ^  [2r«T  1 1/S  L  (d.,.)2  [^]i/2  e  (D„h)2  |(2) 

*  J 

By  reealling  that  the  partial  preteuro  p^  of  paa  of  the  1-th 
type  la  glvea  by  p^  ■  R^kT  and  by  aaauadng  that  eoUlalon  diaaatera 
are  ladapeadeat  of  taaparature  and  preeanre,  oaa  can  write  (2)  In 
the  fora. 

where  and  ^  are  eoaataata  Involving  the  optleal  eolUaloa 
dlaaatera  and  aaaiet  of  the  aheorhlag  aad  broadening  gaaea.  Blnee 
the  total  prwaaure  ^  H  *b*  ^  ehtala  aa  aapraaalea  for  a 
la  teraa  of  t  aad  m  by  rawntlag  (3)  In  tha  fora 

-fe[g)‘"  .  <‘i 

Where  >  "  C.  v  la  oaUad  tha  aeif-broadaalag  eoafflelaat  of  tha 
ahaofhlag  gal  aaa'repreaaata  the  ratio  of  the  'eelf-hreadealug 
ehlllty*  of  the  ahaathlag  gae  to  the  “hroedealag  ahiuty*'  of  tae 
aaaabrorhlag  gaa.  Ikthoda  for  detemlalag  ■  for  vartewa  aheaihlag 
gaaea  relative  to  vlU  he  deeerlhed  heloa.  Iha  ten  la  htaahete 
la  (b)  le  called  tae  e^alva^»eL  preeeare  R,  of  the  gae  aei^le. 

%  •  (5) 

ehwre  p  la  the  partial  prcaawra  of  tha  ahaoitlsg  gaa  aad  P  la  tha 
araeared  teeal  preatare  of  Uc  can**  ***&  to  tha  aheethlng  n*  and 
1^.  It  la  aaea  that  P,  rvdaaaa  P  la  tho  eaae  of  p 

T-f  eee  far  i  given  teverntnrt  a  Ir  g.-epertleaal 

to  P.t  aad  oate  tha  veJMa  af  P  ha*  beta  datenlaad  It  la  poaaiblo 
to  deecrlbe  the  '>mdaadag  efraet"  or  tM  ewe  gaaea  it  teraa  of  lao 
•  '£'•  r^iaafr  P,.  It  aoe  ehoMo  U  ha^t  1  that  the  fraetloaal 
ebootpiloa  i(*)  aad  tha  total  ahaerpttoa|*(v}av  are  faaetleae  of  only 
tvn  poreaatare,  P,  o»4  ahoorher  roneentratloo  v. 

lha  aaparlaaatal  datenlaattaa  of  B  lavolvea  o  ataO  of  tha 
traaaalaaloa  of  radtatloa  throagh  roUa  of  dittwveot  laeg^  la  ehteh 
the  ihaarbar  eaaaaetniUea  e  to  tho  mm.  fha  aonU  to  tae  thort 
eall,  mivd  tha  *rvfvtia«a~reu,*  eoaalata  o'  a  pwr*  aa^la  ft  Un 


I 

I 


9t!Sorblns  sat  at  preiaure  p;  for  this  ocii  «Tvi  t.h# 

•qalvalant  presiure  It  given  by 


(Reference  ceil). 


(6) 


Ibe  taifie  in  tlie  longer  '■ell,  called  the  "la^ple  cell,"  Initially 
contlttt  of  a  eaq^le  of  the  pure  abeorbcr  at  the  partial  pretture  £ 
required  to  produce  ss  nbiorber  concentration  «  equal  to  that  In  the 
reference  cell.  Initlallyt  the  aheorptlon  of  radiation  in  the 
ea'^Ic  coll  It  ccualuaiably  let*  than  that  In  the  reference  cell, 
tince  the  partial  pretture  and  total  pretture  are  lett  than  thoae 
in  the  thortcr  reference  cell.  Varlout  anountt  of  are  then  added 
to  the  reference  cell  corretpondlng  to  equivalent  preaturet 


I  ♦Bp  (Sai^le  Cell),  (7) 

where  pg.  It  the  partial  pretture  of  the  broadening  gaa.  Phr  the 
alUialldS  in  whleh  the  ahtorptloat  In  the  tai^it  and  refereaee  eellt 
,  are  aott  nearly  equal,  It  it  aatuMd  that  the  valuaa  nf  p  in  (6) 

I  and  (7)  are  eq^ial.  the  value  of  the  aelf -broadening  coefrlelent 

caa  then  be  determined  froa  the  relation 


pwr; 


{«) 


where  pg^  It  the  partial  pretture  ut'  Ip  tti  Uae  luoget  eaivle  eell 
when  th^ahtorptl-'ot  in  the  two  celle  nre  eqptal.  Xf  tha  referenee 
cell  eleo  contaliie  Ip  at  a  partial  preeaure  p||f  it  can  aaaily  ha 

ref 

he  • 


ebwett  that 


TV  value  of  I  waa  deteralaed  for  aeveiml  of  the  aheorptiee 
bead  I  laeluded  la  t4M  pretaat  reeeareh  program  by  aaklm  ube  of  the 
daubie-beee  ve«v»>*  or  ta*  Peraia-timer  Mnmt^  11  apeeuoaeier.  la 
epw  «aeee  a  fi.Tt-ce  abeor^tlee  eell  wae  uaed  la  tha  aathle  hawa 
with  a  1.5)-ea  eell  In  the  referetee  beeat  la  ether  eeeee  a  rnKt-^m 
rerereaee  eell  eae  uaed  with  either  ea  60O-ta  or  160C-^  e*<iale  eell 
to  laveettgate  eeaglee  bavlag  largn  vmluee  of  w. 

Tyrical  tgeetml  .ju^nrieena  wtueh  e«n  ettalMd  le  u«e  wmatr 
for  the  Bid  «a*^  hpO  band  are  ehetnn  la  Hrt  I  of  Pig.  1  or  vnrlewa 
veluee  of  total  pretture  la  tbe  eample  cell.  ITie  eteetroneter  re- 
romied  tv-  retin  nf  (he  timnamlaaloa  of  (he  taegle  eell  Tlean.  )  to 
th*  trtiAam* teloa  of  the  rererenre  cell  T^ref.  Urn  daahmd  line  at 
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fig*  ^*  Ite  nU  »1«rtag  «Mfn«kM%  B  Nr  nil  mr^  Nat. 

ttcli'  %■*—  »  •  o.»  *«BM  <«  -jf  ajT  u  wtfc 

rafwww  Ml  •«vU  mU»i  |wiw>f  U  r*frrMM  e*U  • 

IB*  n  If-  NNi  n*****  Ir  MMl*  c«ll  far  aarlt  aar >tr>»  la 
lallaaNt. 

F|rt_J|r  n*t  of  i  Mi  aoXtiatao  orett  aariioo  ritto.  Tba  fowr 
oaoMilrtgol  yotoN  aorroageat  is  ito  imuXis  of  in* 
aM  af  ai^wo  okM  U  Nrt  1  as  mU  aa  to  Itasa  otter  acts 
wf  iia^laa  terlsg  tlffmot  tetaoo  of  o. 

flT^  HI' t  Ifftool  atewyttok  anno  tetak  Is  atete  ft  o^ortaea. 


Tjsaa.  )/T(r*f. )  •  1.00  represent*  the  recoraer  pen  pofltK-n  wben  the 
tvc  heau  vere  "balanced,''  l.e.,  the  tranaaissloni  or  uoLi  Mii|^l«a 
vere  the  saai.  It  la  aeen  that  the  ratio  of  the  traiiabiaalona  de- 
ereaaad  vlth  Inereaaing  preasura  In  the  lai^le  cell  aa  would  ha  ax> 
pacted,  end  that  aoae  of  t)’.*  curves  rapraaRetlnf  tha  ratloa  occur 
*hove  tha  halanca  line  for  uoae  fraquaneies  and  halov  tha  Una  for 
other*  Iharafora,  the  total  preasura  correapondlnc  to  balaaea  was 
not  the  Mile  for  all  fra^uanciea;  tha  priiaaure  eorrasponalBC  to 
halanoa  for  any  (Ivon  fraquaney  was  datanalaad  hy  Intarpolatlag  ha- 
tween  the  two  sveeasalva  eurvat  which  ocenr  on  opposite  sldaa  of  tha 
halanca  Una. 

Slaea  tha  value  of  P|u  eorraapoadlai  to  equal  tranaaiaaloa  of 
tn*  calla  was  fo'.uwl  to  vai4  with  fraquahcy.  It  la  apparent  that  tha 
^-ulua  of  0  varies  uirouxhout  tha  hand.  Pulots  curieapoadihc  to  tha 
awpartawB bally  datemlaad  value  B  ware  plotted  a^laat  fraquaney 
la  l%rt  II  of  rif.  1.  ‘Ihe  eolllaloh  croaa  ■eetiea  ratio  which  la 
atnwa  hy  the  rlqbt-haal  aeal#  la  Mrt  II  of  Big.  1  can  ha  thowa  hy 
uae  of  v2),  e**!  to  he  related  U.  "  hy 


whara  la  tha  aaaa  of  the  aolecula 

d  typical  ahaoepvtoo  ewm  of  an  djO  aaspl*  ta  avotm  la  Hurt  III 
of  fig.  1  la  srdtr  tlwit  Um  "atructura*  of  tha  ahaorpUua  eurwa  can 
ha  uori^Uud  wiU  Ue  aUvetura  of  tha  cum  roiauag  t  to  wavawahar. 

In  ytgaraa  t,  ),  and  ^  are  ahosn  curvea  of  B  va.  wavaauaher, 
aad  tha  related  toU  Ulr«  eraes  aectloa  ratio,  for  the  30B0  ea**  aad 
1306  ca'^  Cih  OOp  u  the  (ihT  oa'^  regloa,  re«taettvaly; 

a  typical  ahaorptlc*  curve  la  ee-ee*  la  each  fipua  far  eo^p^aloa. 
the  curves  of  S  for  thsee  haata  ware  cL  .naa  aa  lUus  hd«CiM4ft*  •4M# 
the  valve  of  ■  '*• — g —  vary  daflaltaly  throv^Mut  the  baade.  tha 
valva  of  B  was  found  u»  u*  aora  aaarly  eoaatant  for  other  baaaa 
iavaatl^ted  by  tha  aathad  daaerlhad  ahova. 

It  idMuK  ha  aaphaclaad  that  the  eecaraey  of  tha  wlva  af  B 
Muntlatd  by  ihia  aathod  dapaada  atroagly  wpoa  tha  aeaura-y  to  <*lah 
tha  ohaorher  cjiiaantratioa  w  Is  eada  tha  aaaa  la  hath  tha  rafarcaae 
aat  aMvIt  atUa.  tt  w  aaiv  aot  the  ceae  ta  hath  aaUa,  a  talea  atOwa 
of  B  would  ha  deteraiaadi  the  ahape  of  (ha  curve  rwUtlag  B  to 
oavenNBher  weuae  aioo  be  wairiad. 

In  tha  pivteaaa  of  aaaiurlag  *  for  each  bead,  aa  )  t  af  eit^las 
havl««  dlffartat  valuaa  ot  v  aad  r  ware  uaad{  aaaplaa  af  a  1  j 
ware  uae^  peirarlly  to  deteeadae  B  dt  fregaeaelwa  of  alreag  ahootytloa, 
while  aeaplcs  "f  larger  w  were  aeaaseary  la  tavaattaatlan  tha  vlaga  of 
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the  hands.  The  sSL^^les  V' .'e  formed  so  that  the  fractional  adsorption 
oi"  the  saKples  being  coipared vas  us'ially  boiween  0.3  ami  0.9  in  the 
apectrsu.  ln'‘.ervSLL  oelng  investigated,  ioi  soaXier  rractionai  absoii)- 
ticin  the  specti-oneter  wts  less  seneitive  to  small  changes  in  pressure, 
and  thus,  the  total  preustiv  cur.'t^apondlng  tc  eiiuaj.  absorption  In  ti>e 
Uu  cells  could  not  be  determined  as  accurately.  lor  values  of  fractional 
absorption  greater  than  appruxioately  0.9,  the  pover  generaten  ujr  the 
detector  vns  too  .’.ow  to  properly  drive  the  servomechanism  which  co;  rols 
the  comb  in  ’hs  reference  beam;  a  false  reading  night  '.he;  be  obtained 
unless  extra  care  was  tak.en.  This  difficulty  could  be  overcome  to  some 
ertent  by  increasing  the  aaplifier  gsln  and  Increasing  ♦be  scanning  t.ime; 
however,  as  the  fractional  absorption  approacbes  unity,  the  effect  of 
scattered  light  of  frequencies  other  than  that  being  studied  might  become 
important  and  give  rlee  to  false  readings.  If  the  scattered  light  were 
equally  inleni>e  in  both  the  reference  and  the  sasqile  beams  it  would 
have  no  effect  on  the  reading  of  the  spectrometer,  but  it  is  pcssihle 
that  the  intensities  of  the  scattered  light  In  tne  twu  beams  were  no! 
equtl;  and  values  of  B  were  not  calculated  for  sables  at  frequencies  nt 
which  the  fractional  absorptica  was  greatex'  than  approximately  0.9. 

Total  fTHiuiKB  were  axao  restricted  to  values  IcsS  Ui.u'.  approxi¬ 
mately  ICCC  OB  Ug,  since  for  larger  pressures  the  spectral  lines  become 
smeared  and  the  dependence  of  ahso.cption  on  prsscure  bcc-jmes  less. 

For  the  ranges  of  pressures  and  rractionai  absorption  of  the 
samples  investigated,  no  dependence  of  the  .teasured  value  .  f  B  at  a 
given  frequency  on  either  of  these  parasieters  was  found. 

Sosm  of  the  iatu  were  .tbtelceu  by  use  .>r  a  single -bean  Berhln- 
llmer  Model  99  spectrometer  vulch  wai;  uountrd  in  a  vacuum  tanJb*.  This 
spectrometer  was  used  to  determine  B  for  the  US60  cn'^  CO  hand,  since 
this  band  could  not  he  stvsUed  by  ut.c^of  the  Model  21,  which  was 
United  tc  frequencies  belnw  hooo  tm  *  oc  :  cf  thn  prism  used.  The 
Model  9)  was  also  used  to  Inveetlgate  the  toral  absorption  and  to  s»a- 
sure  B  for  some  etreug  i:.^  an.1  HjO  h»ne* 


Since  the  Modal  99  ia  a  s.!ngle'beaa  Inatruincnt  iv,  wuh  not  uouclRlr 
to  cosgiare  ..imuLtaneously  the  ♦'ractlonaJ.  acr:o,pi.-uii  ui  c.o  oaisplaa  in 
different  c»iis  by  the  method  deicriocd  in  con/ie.'; cion  with  Fig.  1. 
Instead,  "c  i"-  es  of  growU."  of  totaJ  ehsorptlon  were  obtained  for  varicua 
oasqiles  Vic.-,  two  or  more  '’.irferent  call  ler.gthc.  7t>e  "effective"  value 
or  S  •ntlr®  'f**?  >>v  tb* 

to'-vl  i'cessure  reT'.lr-l  for  a  sasqxle  In  the  longer  -ell  t<-i  nrod<ire  the 
same  ♦lU'’’  Bbr:.;-;tl-r.  as  a  I'jixplc  Ir.  the  .-1  >  c-j  , 

absorber  coicentretiov  a  eawpl*  cxlculstloii  for  this  method  of  deter- 
Bxlnlng  B  wsu  given  in  Report  1  in  connection  with  the  4260  ca-I  CO  bund. 


<”hio  app>ira1.us  is  descrluvl  in  some  detail  In  J^pendix  T  of  thl; 
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The  prcfont  r^««areh  prograR  Oeals  prlaartly  with  total  *b»orptioti 
1  slier  than  wiii  frastleiiai  ahscirption  at  eerta.ln  fre^uennlee.  It  wan 
tbarafore  dailrable  to  obtain  a  noalnal  valua  of  B  which  could  ba  uaad 
for  an  entire  band.  The  nethod  .t  detemlng  B  by  usa  of  the  alniilt 
baan  Instruaent,  of  couraa,  |ldibd  aueb  an  affactiva  valua  of  G  since  it 
was  deteraiced  on  tha  basis  of  total  absorption.  In  the  case  of  bands 
studlad  with  th.c  double -besa  epeetroaeter,  a  nonlnal  valua  of  B  for 
tha  antlra  bard  was  deteninad  by  taking  a  'Sralgbted  average'*  valua  of 
B  from  curves  such  as  those  in  Wigs.  1~U,  vlLh  extra  weight  given  to 
tha  frequency  ranges  which  contribute  sect  cf  tha  absorption. 

lha  values  of  B  datanlned  for  each  band  includac'  In  Reports 
1  sad  2,  as  wall  at  in  thla  report,  are  llatad  In  Ibbls  1,  and  wherever 
potalbla  they  are  eoq^arad  to  tha  results  of  other  workais.  Bieapt  for 
the  case  of  BgO,  tha  tabulated  values  are  believed  to  ba  accurate  to 

at  an  effective  value  for  the  entire  baadi. 

It  la  toaewhat  aore  difficult  to  deteralna  u  for  BgO  beede  than 
for  the  other  bands  for  two  reasons:  (1)  tha  valua  of  absorber 
coaeantratlon  w  of  an  E^O  sample  cannot  be  found  at  accurately  beeaute 
of  tha  sdaorptTon  of  the  on  the  walls  of  the  absorption  call.  The 
aetbod  of  detaralng  w  for  tffi  ta^es,  which  Involves  finding  tha  daw 
polr.t,  It  (llteussed  btlow  In  Section  IV;  (2)  tha  range  of  available 
partial  prasturai  of  Is  Halted  to  values  than  the  vapor 
pressure. 

In  the  Investigation  of  lUO,  a  axltlpla-traveraal  call  whose 
path  length  could  be  ad.)ucted  by  extemsl  controle,  vas  used;  different 
path  lengths  eoiTeepoad>ng  to  U,  U),  1^,  and  .U  traversals  vara  thara- 
fure  easily  obtained.  Fres  curvet  of  srovtb  of  total  absorption  for 
different  tallies  investigated  at  different  path  leogiis  11  vas  possible 
to  deteralne  6  Cur  tbs  bunds.  Because  of  tbc  llailatlons  stated 
above  with  rsg'trd  to  the  ace<recy  of  deteralnlng  B  for  the  BpO  bands, 
tbe  value  aay  be  In  error  by  as  nueh  2$  to  9C^. 

It  la  sppersnt  froa  the  curves  of  figs.  !•!<  that  a  noBln&l  •fal'.ii 
s/>  u  •uvivw..>  ■  j  ••'••guvly  viu>  lovjLL  auaorption,  sinci  I'or 

ISi'gr  total  absorption  the  oajor  portion  of  the  growth  occurs  at 
dir'ereat  riwcuencleb  than  for  snati  totax  absorption.  Bince  tbe  ncialnax 
value  vni,  I'utaxiiad  u«  "saigutlug'*  Uw  valua  of  B  al  dU'inruni.  rreitusDcluk 
acr.oruiog  lo  the  contribution  to  tbe  growth,  the  best  effective  value 
for  tbc  ,;ntlrc  band  would  therforw  cbenge  sltb  total  ebiorptlon.  Bow* 
over,  .'  t  le  savn  fr'a  tbe  curves  of  figs,  l-e  tbet  B  varies  by  only  e 
f«v  pt'ccvi'.t  for  tha  dirfmcrt  frcqusnoles,  and  any  ehangs  In  the  noalnal 
value  Ok  B  fur  the  entire  band  would  he  negligible. 

It  vas  stated  above  that  tha  aaasured  valua  of  B  at  --ly  frequency 
did  not  apparently  change  with  pressure  or  fractions,  abtorptisn 
♦  ..r  tVe  Hn'ts  over  which  thri,  ,)aiasiaterB  wv"  ■•’nrled.  Unwaa:**  kwe 
Pex.t’kr^^,  In  ar  e>'»1i!>l(?  ^'n  ah^jratlon  hy  ilgO  In  the  2?  a*cron  region, 


have  suggested  ttst  the  value  of  B  should  Increautf  with  fractional 
absorption.  This  pher.czeonon  arises  from  the  fs-'t  that  the  spectral  lines 
■lo  not  have  s  true  Lorcrtdiar.  shopc,  and  that  a  self -trciinncl  line  uhsortm 
■ore  in  the  wings  than  does  a  I'oreign-brcadened  line  of  the  saae  balf- 
wldth.  Since  the  lim.’  centers  are  virtually  opaque  in  the  case  o.r  li -go 
fractional  absorption,  ohe  only  growth  with  increasing  pressure  ru.-ia^la 
froB  the  wings  of  the  lines,  where  the  tclf-troadened  lines  are  stronger 
and  the  effsctlv;  value  of  B  is  increased.  It  was  not  possible  to  observe 
any  increase  in  B  with  Increasing  rv^tal  absorption  in  the  present 
Ir.veetlgatlon  of  HgO,  possibly  because  of  the  llsitcl  value!  of  v  and  p 
which  were  obtained.  Although,  according  to  Benedict  and  Palner^^,  t^e 
value  of  B  St  a  given  frequency  in  an  K^O  band  eight  vary  from  approxl- 
■etely  6  for  saaill  fractional  absorption  to  11  for  lar.{«  fractional 
absorption,  one  eight  expect  that  the  effective  value  for  meaeuving  total 
«h>o»-pt.lon  of  an  entire  band  night  not  deviate  appreciably  from  6  since 
the  ai.lor  portion  of  the  growth  of  the  band  occurs  at  frequ>ncies  for 
which  the  fractional  absorption  is  not  large.  This  result,  which  is 
based  on  theoretical  ealclLatlone  involving  the  shapes  of  Individual 
lines,  has  been  coarii~iiv:d  by  Benedict,  to  a  large  extent  by  i  alculations 
based  on  the  results  of  total  ebsurptlon  eeasureaenta  of  banus  re¬ 
ported  by  HbW.  Benedict  found  that  the  UBW  data  yellded  a  value  of  b 
equal  to  approxleate'y  h  the  taet  as  the  value  detsralnid  in  the  present 
Investigetion.  It  lo  noted  that  dW  used  a  'veighted"  pressure  {P*p) 
for  the  HjO  bends;  this  oorrssponds  to  BeS,  e  value  which  lo  believed 
to  be  too  low  in  view  of  Um  wore  recent  experiments  and  theoretical 
ealeuiatlone. 

Values  of  self -broadening  coefflclentn  for  individual  lUO  lines 
have  b«s;>  duUraioed  by  two  different  sett  of  vtirkers  using  Sifferent 
aethode.  Vetllovsky  and  Baporant^'^,  by  considering  the  total  absorption 
of  a  single  line,  found  the  broedeni'ig  ability  of  KgO  relative  to  t^t 
of  Kg  to  be  such  as  to  correupord  to  B«6.  Isattl^  found  the  aeasured 
balf.vidUi  uf  fuur  eeif-brouivened  OfO  linte  in  the  oOu-buo  ea*l  region 
to  b«  approxlaately  }.b  ■  i  'l  tines  the  calculated  half-width  of  N^- 
broadened  iinee;  this  result  corres;>oiidi  to  •  value  of  B  vary.ng  over 
approxlaately  th«  suae  range,  -  I.;. 


t’oreianetlai)  linia»Veniaa 

Tiiw  uvl<ebi«e  bruadeulag  abxliuea  oi  two  Loan  gaaet  sac  oe  rouad 
by  eoi^-'iitg  th«  partial  preaeuree  of  each  gas  which  Is  required  to 
produce  the  aaaa  total  ateorptloa  whan  added  to  equal  cr^ew  of  su  ab- 
eorbtnc  Bm  Method  used  ta  the  pressst  inves  ligation  een  beet  bi 
daecvlbed  by  rufarriag  to  ng.  A  sa^e  o.'  Id  bavlag  a  portlal 
pratsura  of  ;uM  ■■  hg  vaa  ^traduced  latu  a  h.>h  ea  call,  tad  the  total 
abatuptloii  v?f  i^e  814J  oa**  CO  baud  wna  neasured.  ‘ibe  Matured  value  of 
tot.d  abat'rp'iioa  woe  plotted  at  the  lower  and  of  the  ourvee  'f  wig,  $. 

Cm  of  the  fi  relga  guaea,  Ha,  fur  eansplu,  vaa  thea  added  V.  the  call  to 
total  preseuree  of  apprcalaately  dOO,  MU,  jOO,  IW,  P203.  and  WX)  ms  Hg; 
Itie  tot^  ubecrptlub  erut  naasurM  at  each  pressure  and  the  roeults  foriNd 
the  point*  iv.  iuj  ■  me-  ouive  of  Mx.  5- 


(Vi  mWMiNrniiia 


nUU  prucadur*  «u  tbaa  ra.fMtM  rcr  aaeh  or  OThor  luiiaAanlao 
mm  mmM  alw;*  takac  to  start  vlth,  u  nearly'  u  poasltlc,  tlM 
MM  aaMBt  mt  CO  for  aaeb  sat  of  mmI***  ^  total  abaarptlsu  ■'t  r\ch 
mmIm  00  alOM  aaa  aMMtad  bafora  irditlm  toa  broadanlst  (h;  tl.- 
aoaautaaa/  of  thla  valaa  of  total  abaoiptiua  provldad  aMS  ladlaatioa 
of  bov  aaarly  a^aal  aara  tha  aalua*  of  abaorbar  cooeaatzatlon  for  aaeb 
Mt  of  mh»1m. 


IfM  iba  fiurraa  of  f'i^.  r.t  eaa  ba  aaaa  tbat  a  total  praaaara  of 
9ta  M  la  la  jcaaolrad  «o  jrmdaiem  n  total  abaorptioa  of  30  or^  aitb  Mg 
oaad  aa  iM  broadaalac  gau.  a  total  pttMura  of  IV50  aa  Bg  la  ra^olzad 
to  aroiasa  tba  aaM  total  abaarytittk  vita  Ha  uara  aa  tba  broadaalaf  laa. 
aiaea  tbo  aartlal  traaatara  of  CO  la  IJO  m  Ig  la  both  eaaaa,  it  la  >100- 
alalaA  tbat  1390  m  Ig  of  la  axa  rac^olraA  to  produea  tba  aaaa  hroadaolag 
M  6fi0  M  Ig  of  1^. 


A  fuaatlt}  •'^allaA  tba 
b  wa  MflaaA  by 


coafflelaat  f  of  aa  laert 


abara  la  tba  partial  xtatura  of  gM  b  lagylrad  to  praihm  tbo  mm 
Ubo  bwiaAanlag  aa  a  partial  prataora  of  lo.  Tbua,  flM  tba  aWM^* 
I,  tho  farelga  bnaAMlag  aeaffleloK  of  Ha  la  8ti0/139l>  >  O.CA. 


Uaa  bfoaAanlag  aa  a  partial  prataora  ] 
abova,  tho  farelga  bnaAMlai  aeaffleli 
UaloM  iitliarvtia  atatai,  all  valuot  of 


^ vlL 


TaaaM  of  f  vara  lataBlaM  la  a  alaUar  aaaaar  for  tba  otbar 
broalaelag  gaaM  lacliaM  la  fl<>  $•  OalcuiatloM  mm  mtm  at  aovaral 
CLffaraat  Jtimt  of  total  abaafp.vcn  for  aaab  fH,  aaH  It  via  fuual  tbat 
tbara  «aa  m  al^aflMat  tepaadidca  of  t  vtpaa  tha  total  abaarp^M,  vblab 
of  aaaraat  taaraaaaA  vltb  total  praaaara.  Cm,  tbarafera,  eoaelolaa 
iB  whMbimmb  Tilm  of  f  oon  W  fnaA  fw  ooob  bradMlBc  am  for 
•  aboarptlM  baad.  niai  tbat  Ita  -.-olua  baa  at  aoat  a  alight  dapaad* 
aaoa  «  total  abaorptioa  ar  praaatxa  fnr  tba  nagii  of  proaoaro  laalMdat 
la  tba  praaMt  atuA,'.. 


•rrortl  7tb«r  abftrptlen  bnr.^,  tbt  ?2r’‘‘  aar’  .ttl  ITSJ  ssT'  9JS 

baada,  tha  tt.«  CO^,  tha  9OOO  ah*^  Oggg,  aad  tba  3060 
Woda,  v*-*  mt  immmnnam  MO  loraigh'broaoaBiag  aearnoitata  m 
vwloaa  taart  gaaaa.  Urn  ramlw  of  thoao  MaavroMato  an  Uatad  la 
Sabla  dj  thlab  alao  laoliiHaa  tba  partial  praaawro  of  tba  abooablac 
and  tba  rang*  of  tothl  prooauMa  tror  vhleb  ohlevlhUoM  of  f  owa  aada. 
Alto  laaiodad  la  'Otbla  0  aro  taloM  of  k.h/IV.M  vhlab  tM  bo  abOM 
f/M  Ig.  (1),  aad  vba  lafaoootloo  loUanag  it,  m  ba  roiaiMA  m  f,  tha 
liarttn  WnrtMlng  oonfflalMt  of  gM  t,  by 

vbaro  td  la  tha  oolotular  volgbt  of 


lUiit  2.  ror«i|p.-Bra«aeniB(  Ooaffletaata  ud 
RaXatl**  Nalaeular  Croaa  SaetlOM 


Partial 

Pnaaure 

Total 

Abaorber 

Of 

Praaror* 

Vi 

4Bd 

Alitaorbor* 

Raan 

BroadcLJtr 

(Sd! 

Sand 

(»  Ho) 

(nllc) 

b 

(■aaa) 

10 

25- 

H* 

0.73 

0.96 

222>>  es*l 

1000 

0.63 

u.>3 

A 

0.78 

0  93 

k 

1.23 

0.6J1 

1.06 

0.9^ 

100 

180- 

B. 

0.70 

0.57 

1000 

>2 

1.21 

o.t;4 

A 

0.85 

0  A 

o.r2 

O.dT 

0P2 

1.17 

1.1b 

CO 

0.97 

0.99 

00 

IOC 

20)- 

«, 

O.bb 

0.55 

aiO  ea*l 

3000 

A 

0.78 

0.92 

■P 

0.69 

0.56 

«k 

i.U 

0.98 

j5?0  eai'l 

30 

80- 

700 

<v 

0  C 

0.52 

0.98 

*3 

1.17 

0.78 

O.ft 

A 

0.93 

U 

10 

y>- 

1000 

R. 

0.92 

0.91 

w'l  laao  t 

ou 

100- 

«. 

0.5< 

0.98 

^G8v  MM  ^ 

2500 

A 

w.U 

O.ifJ 

C0-. 

1.P9 

1.19 

*OiXl  Uttifth  ■  ^.39  «■ 

vtltMt  of  r  an  b«U«v«4  Mount*  to  loot  tkas  *4. 


fi'~~ 


linn*  both  thn  nnlf-hrondnlaf  ecofflainata  B  uA  thn  fnarolfB- 
brsndutlng  oonfflolns'cn  f  nr*  bund  on  th*  broad*n1n4i  ability  of  1^,  It 
follom  ttnt  (5)  could  bn  (aannidtef  foi  a  murJ.f  eoatilalag  MrnrnX 
Innrt  bronlnwlM  lunn  bi  to  ylnld 

^*  ■*»  **•%■*  i 

vLnrn  in  thn  ntnlvnlnat  vm»nam«  p  In  thn  pnrilnl  prnaaum  of  thn 
nbnorilac  gu,  nnn  T±  It  thn  foTnliii  binnflnnlin  confflnlMt  of  thn  l*th 
isna  thonn  partial  proanum  la  p^^. 

iM*  of  thn  pmaimt  raaulta  «a  thn  naeatruB*  oi  oolUnlM  nrona 
nnetlon  ratloa  onn  bn  onavamd  with  thn  maulta  of  pmricMa  werbrra 
Croat  aal  Bnnlnla"  dataniMd  thluna  of  thn  ration  for  a  fnw  »r  «h*  aaaa 
lAwt  foana  na  warn  nand  la  thn  protest  studf  by  ebnarvlnc  thn  fnntlonal 
abamUtB  nt  a  flvna  froftOMy  la  thn  Uh)  eaT^  CO  bi\al  tad  thn  Sfilh 
sa*^  M  bnan.  ttln  anthod  la  la  aeatnat  to  thn  nttiad  nf  aanwtrini 
total  nbaorptloa  thleh  laa  uaod  la  tan  jananat  atad;'.  3M  mnalta  of 
Cmna  and  Itninia  are  caivartd  with  thn  piwanat  moQta  la  Btbln  3. 


labln  3.  Co^arltoa  of  Aatlso  of  CaUlnlaa  Ornnn  . 

loetluoa  Vlth  Raailta  of  Croaa  tud  laalnlo” 


n  •  bO 
S28t  earl  Band 


Croaa  nan  rmnant 


i 


■t 

0.63 

d  0 

0.70 

O.o« 

d.f 

0» 

0.93 

h.l 

A 

0-98 

0.93 

5.8 

n  ■  00 

aiitt  Mt'  ^  mad 

Groan  tod  ymtiat  t 

IMit _ Si£L 

oH  oJTl  ip.7 

O-bd  O.yo  11-3 


<a» 

109 


1.9? 


0.91 

o.yd 


BaiMieii  and  uacd  a  hlgh-reaclutlon  apactroaatar  to  obierve 

a  quantity  vroportloaal  to  tba  11m  vldth  of  ao  Individual  rotation 
llna.  Iba  ratulta  of  thaaa  workara,  which  wara  baaad  on  the  J 
•Una  of  tha  3030  ca-1'  Cl^  ar-  cmvarad  aa  far  at  la  aj^lcahlt  it 

Thhla  h  with  th*  praaaot  ratulta  baaed  on  tha  total  abaorrtino  of  thlt 
aaM  04  band. 


Tfe^'la  t.  So^arleoB  of  Srcadanlna  Ahliltlas  aoc. 

CktUlalua  Croat  Sactlona  with  Raaultt  of 
Baaaach  and  Xldar^* 


lrnadi»*%i  AhllltY*  Cnllltlon  Cre-.t-StetloBt** 


b 

laaaaah  aad 
Cdar 

Praaaat 

Sludy 

Baaaach  and 

Cider 

fmaaat 

iti^ 

1.00 

l.X 

3.00 

3.00 

It 

1.39 

IM 

5.«* 

3.51 

0^ 

l.k? 

3  » 

1.73 

3.80 

iS 

1.60 

%  nf 
**  »v 

3.08 

3 

00 

1.T3 

3.  M 

IT? 

1.91 

3.7 

a.U 

traHialu  ability  of  la  normlttad  l  uu. 
••GoUialoa  eroaa  taction  noraa'.iwd  U>  Oh, la  * 


2I>q1.  Utft,  U07, 


or  tb«  fcO  ?«iidM  »*•• 


Abaorptloa  date  ««r«  ofetelnad  tar  tea  2563>  2H6ki,  126$,  il<S7<  oy^i 
•bA  te*'^  tends,  b7  um  of  n  rtrkla-liJMr  Hotel  21  dmhlii-'aMB 
spactroMter;  a»  HaTl  prUa  Intereteiwa  unit  aaii  mma  tsr  all  tea  tea 
latear  teo  tetea,  fW  aiileh  a  Kk'  unit  vas  uaad.  At  la  p(«<rlo>joi  raporta, 
*te  data  ara  piaaantad  la  tabular  fats  and  by  teawlac  ra^saateUva  aH> 
aoaptlia  curiaa;  aad  tea  obaaoad  aslaos  cf  total  abaorptlas  avo  rolated 
to  tea  tea  p»  rfotirr  abaorbar  eoncautestltei  v  aLd  ofulaslaa*'  praotete* 
r,,  by  tea  aite  of  curvas.  telisr;  uf  a^tetelaat  pnaaara  saro  nalnslatad 
for  arot  aaa^a  b~  tea  fallowlaK  o^pattas: 

P. -paO.Uo,  (1%) 


Mtefa  b  la  tea  tekal  graaaara  daa  to  at  paruol  pra«fsra  p  vd  te 
tea  la  teo  tMplo. 

In  ru.  6  aio  atwMu  riprutetatlro  abourpties  eorroa  of  tea  2)63 
aad  2t4>i  nr'L  baada;  tea  aslaaa  of  «  aad  2,  ooRaopaadlad  to  aaob  asr 
ora  laoteatad.  ma  abooaptloa  dateT for  teaao  too  baada  m*  llatad  la 
teblo  J. 


Ja  ^  lafWfeaad  porUaa  of  214,  7  tea  total  abaorptloa  *t  tea 
rHi  cm’*  %9  bMd  la  plottad  aaalaat  2.,  wlte  oaab  tana  carraopaallaa 
u  a  eoaataat  valiti  of  f.  tea  aaotisl  taatuna  or  aonoa  atadlar  ta 
teoda  proaaabad  la  tbU  rofart  aaro  aiaateiodi  u  toaaidamlt  datau  ta 
■apart  1  and  oiU  aat  ba  rapaatod.  mitaa  af  tatel  irtiatidf  sara  mIhb 
froa  tea  tteftaa  la  tea  Ufteaaad  porllaa  aat  roplatted  apMaat  a  la  tea 
rlabt^Stet  ^  tba  dlffOoaat  <al‘«a  of  2*  ladltolad.  It  ta 

Ullaaad  teat  tea  *iaaavaa*  carvaa  ta  va  ritf  t  toad  fbctte^  *U‘  7 
aaa  ba  oaad  to  prodltt  tea  total  aboarpUoa  o7  a  Isna  %0  tOMpto  ta  *  3$, 
aaaapt  for  valua#  of  ft"tai  obaarpUaa  taaa  teat  3d  <ar*  far 

oaltd  tea  arm-  U  taarM«t  (poattr. 

A  aial'.or  oat  -it  asnaa  ooro  dnaa  far  tea  Stdl  aa*^  baad  la 
214-  d. 

iaproaaiMUfa  aaoorpuM  aonoa  oi  aaa  ioat  «a'^  a^a  taaaa 
an  aaow  U  2U-  9;  aad  tea  data  for  teaaa  too  baada  on  luW  la 

~  .  .owlta  of  tea  Iwtel  abawapllao  aoooorooaoio  of  tea  ISd) 

aorlpgOteod  •uo  X**— tad  la  214a.  to  ate  U  ta  tea  ana  onaor  aa  tea 
raoolta  or  tia  2;(t3  ot*^  wra  proaaatad  ta  214>  7.  tea  naalta  for  teo 
UbT  boad  ara  alae  abroa  ta  234*  It  aad  >5 

.iaal; '  tara  acudia^  total  abaorptloo  of  *t-a  148)  aad 
1167  oa*”|gO  0o4a  ta  a  uaaaar  alollar  t«<  teat  <1000  In  W  proosat 
atudy.  It  U  (T  tear  dlfftaslt  ta  acopan  tea  naA‘.-^r  -.f  teaaa  ooalnro 
•  «  tasxtlio  alota  ttaira  aora  aot  lamii.atad.  Vbo  fteona, 

V  2*.  •  -a  nnd  U.  a*r»  pr*««*',rd  ♦«?  ralata  tea  total 
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Morptlcc.  or  the  XlAj  i>atui  vemta  P*- 

.1  concrspond  to  sables  of  aLooe;  the  circle 


•t>aorptlaa  of  tta«  128$  b«ad  to  afulTalaat  prMiuro  and  to  a  qvMitlt; 

1*  ;r«xorti«al  to  abasr^r  cs:e=toatlaa.  Tkluaa  of  total  abaorp- 
UoB  waro  ojqiraaaad  in  u&lta  of  aderikia  inataad  of  cb~^.  Hwaa  fl^va* 
to  toa  artlola  by  Oooly  ard  tfoamll  had  h«*a  rad-icad  ao  MOh  that  1':  <)aa 
difficult  to  raad  raluaa  of  total  ahaorptloc  mr*  eii>aaly  thaa  a^frua- 

ruitaly  1  5un>«-,  uw  v«..—  -i  >wa.  tvifcrytit^  n*"  *».•  oiirt^ant- 

hypothatlcal  aaajlaa  nor*  pradlctad  by  uatoc  too  eurvoa  of  Ocody  aad 
VonaU.  and  by  aalac  too  eurvoa  a.*  rtg.  11.  lha  ftrat  laiiTa  ecBtalnod 
aa  abaorbor  ocaeoatratloa  of  h.Ol  ataoo-ea  at  aa  aqiiavalaat  jraaaaro  of 
1X>  aa  >(.  &a  ourvoa  of  Ooedy  and  HaaaaU  tiaro  uaod  to  prodiei  a  total 
abaorptloa  of  approartaataly  65  ear^,  HOla  FK*  U  piodlata  6$. 5  eB*^. 
Slallarly,  Ooody  aad  Hunall'a  ourvoa  paodlot  a  total  abaoptioa  of 
vproadaatoly  29  aa*l,  ableh  eaa  bo  cii^ared  alto  5J  earl  by 

n«.  U  far  a  aa^pla  of  v  -  h.Ol  oad  %  ■  U  aa  Sg.  Caaaldartog  tha 
faet  that  tiM  eurvoa  eaaaet  ba  taad  vary  aacjaatalyt  aat  aeaaladM  fNa 
tooaa  iMo  eemariaoao  that  to#  too  aato  of  raaalta  aro  to  at  laaat  fair 

lo  eurvaa  Mrt  j^roooatod  hy  Ooody  aad  ttaaaall  to  rolato  tho  total 
abaarptloa  of  tbt  116?  ca"^  baad  to  abaoetMT  eeacaateattaa  or  afuivalaat 
praaaatoj  tbarafbra,  aa  eo^parltoaa  eould  bo  aato  bataaaa  thalr  raaalta 
aad  tooaa  of  itut  proaaat  Uvaatlgatdto.  B«  aalaaUtad  baad  lataaalUaa 
fr«B  too  two  tovovtigott'ow  aro  eoaporod  bolow  to  a  awbaaottoa  oo  baad 
toUaatttoa. 

la  Fig*  too  alma  roprooaataUva  oloovpuoa  aarvoa  ftr  to*  580 

aad  M2  u  baato.  Aa  data  fbr  tbaa*  too  baato  art  Hi  tod  to 
Ibblo  Ti  oaly  too  iMplio  or  ralatdvaly  larco  j  protoaod  a  an—ahln 
obaarpUoa  to  toe  rogtoa  nf  too  liH  arl  toad,  too  ohatrud  valaao  of 
total  ohiwpUaa  far  tola  b«.M  aara  tobutotad,  bat  aato  aat  plottad 
agatoat  V  or  F«  ot«oo  oaly  a  IVv  oara  aotataaa.  too  ovr-agoo 

fbatoaaaM  baad  aaa  dlvttod  at  Ito  ooator.  tW  too  total  aboard 
•lae  of  aato  parttaa  aaa  awaaurtd  aad  llatad  to  tobla  T  alaag  wlto  toa 
total  oboarptdoB  of  toa  ootlro  toad. 

d  largo  partlua  of  too  509  oa*^  IM  data  aato  plottad  to  Flg>  19 
alto  total  abaovpUoa  ateoa  ao  a  fbaotXoa  of  F,.  da  for  too  otoar  baato# 
val>*a  aato  tahaa  Itm  toa  carvoo  of  fig.  1$  W  prrvtda  pototo  for  toa 
iwti  in  tarvM  of  Fig-  to  ablab  toa  total  odoiqitlto  oaa  plottad 

■aolao*  g  toi  vwiva*  v«  F^> 
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Tut  ,'uxtliu  j-e  at  T.-^s  v.,icb  w  fc«  r.jui'-- 

vn«  (‘oUrclnca  Lv  wrftb''a  Im  UtA  ira  pO'lna.  af  u>e  aaKfiiXe  i-t  u« 
rt;l5  vxa  ^>•  ■■•*  cT  •  "v»ll'  nf.'*.*  '‘■f  • 

oj.  "jacoaei'  «t.tc&  wu  cloa*d  ca  out  "bl  v»*  ttoatUa^  to  v» 

•all  bi  Uib  aUkjridloa  c«jLt»  prujaclliitf  ■'  latu 

laUt  lor  »>'  Ihe  cfl2,.  Etb«r  ms  put.  iato  UkC  tub*  siid  Mg,  m* 

Uirou£*t  lu  order  tO  <*00!  iv  un'Il  ciuwlsnsstlco  forssd  oct  Uxs  bsistii*  'icsjui 
cT  U.C  which  could  he  ouA«r««d  turc*^  s  wtr.Iow  (n  tiyo  •ttsorp* 

MOQ  csU..  A  iherBQMtsr  UEicrsad  la  the  ether  ms  utei  *n 
thd  toapcretMTO  st  which  ccsutcnsshlon  etartei. 


‘Sie  eccurecy  with  whieb  the  dew  pwJht  could  te  'tctermlcied  depcsiusl 
pr*Mu'lly  u^Kia  hew  accurately  one  coulal  tcU  when  eandeasallcn  startsd. 
and  eleo  v.pon  huw  a-'ciu'etely  Ute  ther&cceter  read  the  te=persrr~j:e  the 

the  ether,  which  was  caused  by  the  t'd>hliae  of  the  s-^tr^geji,  trauld 

*  •  ■  •  *  Umm,  u»ei»aeB»  •#  Sirndk  ••»*#  •** 

Mi  -  ^«MyOaAM**%  ^aedsa^esas  •«*  .«.«  ma  •  C^^tTp  ••  .^S  »  ^  .^-a  aema*  «o.  » 

rcwlloi^  of  Ute  UierauMscei  u/  i^ot  os^i'e  UkSu  ep^tuslcatel^  r 

1  O.a^C  when  held  st  dlffsrent  poslUocs  la  the  eu-.e*-.  Jt  ««s  tvu.i  uat. 
ss  tli»'  ether  wee  c.xlcd  slowly,  e  teayereture  was  reerlM  et  Wjf-B  a  »tr/ 


thin  fllB  voulA  appear  ca  the  aurface  of  tae  tublep;  if  this  t4spersla.*w 
were  aalu<ained,  no  rurtaer  coodeneevica  ereaed  w>  itcctr  '^sseverf  U 
the  temperature  were  decreesed  by  approxlaately  0.2^C,  .he  cendaasatloo 
laertased.  Zn  the  esae  oi  soaplcs  ot  RpO  oloae,  the  partial  preosure 
Cwuld  is  nsssured  with  a  BenoBeter  and  cospored  with  the  partial  paressare 
deierslned  by  lue  ut'  •taa<*sr*i  tsuiew  rtlsciun  tc^ia-nlure  at  whish  eat;* 
deasatton  orerred  to  the  partial  pressure,  it  was  T.isi  t!ast  ths  eaJLucs 
of  JgO  j-ai'ilal  pressure  detaralned  by  tha  two  Btthois  agreed  -jo  aTTrt*!- 
aately  x  2  perceut  if  the  tsaipersture  used  was  the  tz*’  nt  wstca  ear  ;- 
tlon  wuuld  iiir'sese,  ••at'.er  than  th«*  al'cM.ly  hSster  tenperatese  st  ‘."hlth 
s  tnin  fils  rt.'st  afpea.'‘>u  aa  tne  eurfeve  U.e  tuoiist. 


It  iB  belle"*!  that  the  vciuas  of  w  wt.lcn  were  detenalaed  see 
eccu.etB  t  »  4  c  or  1  1  percent  for  eeapTea  w*»o**  dewenint  ms  greater 
than  10®?,  oht  *0  f  *  «•  t  ••  yer-'rut  ^or  snaples  bevtag  iBwer  daw  polats. 
I’hvlatloTf.  In  w  of  npprc.alctteiy  1/?  jerrent  rculd  be  observed.  ly)  ms 
Introduced  t)  the  abaorpt.Ust  eeJJ.  by  sdaittsua  s  itsasured  wsuuat  cf  U^ull 
!i:;<0  into  a  a«tU  eyacueted  bulb  wblcb  was  coaasebed  to  the  absorpUoa  cell. 
tnrougD  a  vaive  and  m  sacrt  piece  of  copper  tubing*  The  'ralwe  sad  twhlag 
rnf.,.  •«  me  the  b-.t1b  to  tl>e  absorptloa  cell  were  heated  sentlv  to  aecld 
oondensstlon  la  ihetc  parts;  the  valve  vsa  then  tp:r.*.l  sad  the 
iu  rvspursir  hnb^  Uis  previously  evac^uiWi  ele*  TmC  cvapofatica  gttld 
r<r  npeedod  up  -ly  pantry  beating  the  ll^^Ud  d^. 


ny  cocsldering  the  voIiom  of  tne  sbaiurptim  cell,  it  rna  pcaslbls 
lo  calculate  u.e  ;r«se<iie  that  wr.ultl  be  eapoc'ed  irosi  a  sama  tmntltc’ 
uf  liquid  lUfj  If  o:ix  (eeuM.u  tits*  aUi  bie  ii;a«  wera  la  the  vap&*  fCusse 
arwi  nur.c  v-ft  adsot'bel  on  the  re,^  walls,  in  moot  cases  it  was  loss.d 
'.!ia‘.  •.".o  V  «*  re  was  appro:  aiely  SO  to  tO  perceat  as 

aieet  or  the  o.tlculatsd  value,  n  result  w.,l»-h  Indira trd  tint  STprchluately 
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l/2  the  vu  elaorbeU  on  the  cell  vella  elnce  care  eae  taken  to  avoid 
coadeneatlan.  If  tae  suple  vaa  left  in  the  cell,  tt.  pr.eru^  vas  fouLd 
to  decreaee  greduailjr  for  a  fev  hour*,  thus  Indleatlnc  that  •acre  adsorp- 
tlcB  urns  sccurrlsat. 

la  the  process  of  obtaining  dat-i  li^  vas  added  to  the  BgO  to  produce 
samples  at  various  values  cf  total  jireis'iie  leee  than  uos  et?<ospheie. 

Ihe  dev  point,  /.'tod  vhlcii  the  HgO  partial  pressure  could  tc  leteial.  sa, 
VIS  aeasured  perltytlcally,  at  least  once  or  twice  after  adding  each 
aaa^a  of  Vp.  It  vaa  round  uat  tne  dev  poi''t  r:  lalne^  t>f.,«ntiall7 
coaataat  If  the  SsP  had  bean  alland  to  reaaln  alone  la  the  cell  suffi* 
eleutly  leaf  for  the  adauiptluu  Ui  be  coaplete  before  Mg  wee  edded.  A 
najer  portion  of  the  Investigation  took  place  during  the  dvaur  aoathe 
when  tesoerature  of  the  absorption  cell,  which  rMalaeu  near  anhleat 
Tenpitature,  varied  by  aa  nueb  aa  6  nr  d<irlr^  a  given  ‘lay.  As  the 
tei^rature  of  U.e  cell  Increased,  a  portion  ol  Ibe  edaoibed  gae  ^por* 
ently  waa  *drlven  off*  tb*  oou  walla  since  the  nertial  ureesure  ia- 
ereasod  at  t  rate  conelderably  greater  than  cae  mold  pi-cdi-t  ca  the 
basis  of  r>i»  perfect  gas  laws.  The  fact  thnl  ndc -rbed  sre  ’driven 

off*  eolld  supfacer  by  beating  la,  of  pourin,  v  M  Vnnv  . 

farleua  ooetli^s  on  the  interior  of  ttie  etU  were  tried  In  en 
atteapt  to  decreeoe  the  blaurptloa;  thaae  cuatLiige  liic:ua«ci  autcaobiia 
lacunar,  glyptal  varnish,  and  a  fllr  of  vac‘>.ua  puap  bi>.  loee  of  these 
surface  ooattoga  eeeiied  to  change  tlgnlfleaatly  the  aaount  of  kea  ad- 
korbedi  honever,  aoie  *1m>  yea  vetutred  to  *le>gee  the  cell  by  «v«eua> 
tloa  when  -we  of  tne  above  o».ie»ings  was  used,  thtrefore,  the  cell  was 
used  vlV.  Ue  bare  steel  e.vpweed.  Little  dlffarai..*  •an  observal  be- 
tkWM  the  adsorption  of  ths  steel  .ell  whet  It  wan  «*a.Vy  ee 

eenpared  to  ths  eell  tawidlately  after  it  nad  bMn  aand«UUstdd.  A 
porcelain  eeatldg  ur  glaa*  1  is  lag  would  prvbebly  reluce  the  sdsorpUda, 
but  this  would  have  tavolved  euaelaarahia  stveaee  add  wad  ao\  ctsnldheM 
■eeenUal  ainea  t>>e  partial  praaeur*  could  be  m.  torad. 

As  a  result  of  the  Inveetlgatlm  of  the  sdserpUen  of  Igj^  ec  the 
walls  of  e  steel  cylinder,  It  can  be  eenoltded  that  eeeuratn  «al«ctt  :f 
V  caunot  ee  deteralaed  fren  e  ■eaeurenent  of  llfuld  IgO  Utrodueed  Inta 
the  cell;  la  gcdcral.  valuee  dsternindd  ay  this  aethed  would  'js  too  high. 
Id  Uk  work  by  HM,  values  of  J  for  Itfi  eanplee  were  dateiwtum  Uy 
Btasurlag  the  M;«  partial  preseuse  befora  va.  lahlhl.  It  uas  than 
aeswMd  that  tha  MgO  partial  preeeure  raMtaed  coaataat  as  dlfftrent 
laiDudU  of  Ip  wets  sdded  and  the  abeorptluu  caoea  weia  whieJwed.  Oa 
tte  basis  of  the  laveetlgatlea  of  eddorptlca  daaeribed  ebuva,  it  oaa  be 
eoaoi'ideu  U^t  im  kgO  pexttal  pieeeure  was  probably  aoi  chained  beaauee 
ef  Ip  dddplaeiag  the  IpO  wbluh  hat  been  adaorbed  oa  thd  walla  of  tta  ad> 
seeptica  tell.  He  gree’^t  eaaaee  of  variation  in  the  SpO  partial 
praaeur*  ware  yrobebly  chMigee  la  ta^arabure,  or  furliicr  adaorptlea 

have  oecrrrtd  afttr  the  partial  peeeaurt  was  aaadurad.  Bwr- 
iigl  Va  aa'.’>'  partioe  o:  tae  '  avestlgacloa  b>  tH*  the  wg>era«»re  uf  ths 
s'.-..  >.<11  VU1  .teciTly  r.  auui,  ccerefoie.  any  error  In  the  aster* 

af  w  McaiM  ..f  ttc^erat-.e  tarlatiooe  waa  probably  aaall. 


1/2  the  UgO  vu  edaorbetl  on  the  cell  vmlle  elnce  cere  we  tekeu  to  evold 
eondensetlOD.  U'  the  seaple  we  left  In  the  cell,  the  preerure  we  found 
to  decrcaee  gredueily  for  e  fev  boure,  thue  Indlcetlng  tbet  ear*  edeorp- 
tl«i  vee  occurring. 

In  the  proceea  of  obtaining  dct.^  '***  added  to  the  SgO  to  pro>..u:c 
aaqploe  at  varloue  valuee  cf  total  prcasiAie  leex  then  uue  e^epheie. 

Ihe  dev  point,  i'roa  vhlch  the  KgC'  partial  preeeure  could  be  detaxalned, 
vae  aeaeured  perlo<lloally,  at  leaet  once  or  twice  after  adding  each 
eeapl  i  of  •s-  It  vae  round  that  the  dev  point  rewlned  teaentlally 
conatant  tf  tha  HjO  had  been  allowed  to  reaaln  alone  la  the  cell  euffl* 
oleatly  l;ag  for  tlie  edauipUuu  io  tw  ea^plete  before  Jig  we  edded.  A 
■ajor  portion  of  the  Inveetlgctlon  took  piece  during  the  luaBcr  aontha 
who;  til#  taaperature  of  the  abeorptlon  rail,  wblch  reaalneu  near  aableat 
teapevaUire,  varied  by  aa  aueb  at  6  or  d'lring  a  given  day.  A*  the 
teaperature  of  the  cell  increaaad,  a  portion  cl  the  adaorbed  gae  appar¬ 
ently  wa  "driven  off*  tb*  roll  valla  elnce  tha  lartlal  uretsure  la- 
ereaeed  at  c  rate  conalderably  grwtar  than  one  would  predict  on  the 
baeia  of  the  perfect  gaa  law.  The  fact  that  adeorhed  caeca  are  "driven 
off*  colld  eurfeccr  by  beating  le,  of  rouren,  vrll  w,irn»-i. 

Varloua  ooatii^e  un  the  Intarior  of  the  cell  wre  tried  In  an 
attest  to  dacreaee  the  elaurptloa;  Ihaae  coatlnga  incuaed  autoaoblla 
lacqjer,  glyptal  >anlah,  and  a  ftlr  of  vamM  puv  oi  i .  Boae  of  ttaaee 
eurface  coattage  eeeaed  to  change  algnifieaatly  tha  aaount  of  UgO  ed- 
aorbed)  aoweer,  aore  tine  vae  required  to  "le-gas*  U>c  cell  by  evaew 
tl'ja  when  •»#  of  ant  ebove  roetli^e  vae  u»td.  tttrefare,  the  cell  wee 
ueed  vll).  the  bare  ettel  expueed.  Little  dlfr*rcn.«  .baervel  be- 
•weea  the  adaorpUen  of  the  ateel  >  ell  vtieo  It  wc  iiriMvhat  iwty  u 
erepered  to  tka  Mil  Ijwedlltely  eftar  It  had  been  eand-bladted.  A 
porcelain  ewtiag  u-  gleek  lining  would  probably  reluee  th;'  sleorpUoa, 
but  tbu  '.euhd  bav>  involved  cooeiaerabia  ei^enea  end  wu  nob  ctnaldered 
■eeeeual  atnee  the  MpO  partial  preemtre  could  be  non. tared. 

Ae  a  reeult  of  the  loveetlgatlw  of  the  adeorpUon  of  Mgh  or.  Uie 
walla  of  n  ateel  ey'ladar.  It  can  be  condluled  that  aeourete  valurt  tf 
«  camoe  m  dr '  trulned  fro*  a  ■eaeureaewt  of  llg^ild  IgO  Introdueeit  Into 
the  cell;  la  Acsetal,  valuee  detemlaed  oy  thle  aethod  would  ae  too  high. 
In  tl  e  WTk  by  C  V.  veluee  uf  for  Mgp  ewplee  wre  detcml  tm  Vv 
neaattttf4  tLa  IttO  watUal  preeeure  before  3^  V4.<  •MMal.  It  w*<t  Uan 
aaawnel  that  the  HgO  partial  preaeure  reroaaed  conetant  ae  different 
aaouata  of  kg  wte  added  and  tha  eW  •rptluu  vur»ee  ee<u  il»«ained.  On 
the  bMia  of  the  inveatlgetlor  ot  adaorpvleo  deeertbed  above,  It  eea  be 
coaci‘!d«u  'hh%  the  MgO  partial  preaaure  wte  probably  aet  etweaged  eeceuee 
of  dp  dldplMlag  the  IgO  which  bad  eem  edenrtil  on  the  waLle  of  the  ad- 
eorpUoa  'ci-  The  grwUtet  eatjea  of  varUUoa  la  the  %f0  partial 
preaeur*  were  probably  cbai^e  in  U^nrature,  or  furUter  ad:'orpttan 

_,ht  be'  -  oeci.'rcd  aft-r  the  partial  pieaaura  eea  Mt.virad.  Bur- 
)-W  V.t  aa!-  portion  of  too  laventlgntion  by  KW  the  tMg'  tturo  of  tha 
el-.-  >.«li  w«  nearly  couaUut.  -Mrefore.  any  errur  .  the  deter- 

of  w  tocaiM  te-^eriMrc  varlatione  wan  prebabL>  eahU. 
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lirrors  arlalug  tram  further  sdsoipticn  after  the  pertlal  preeeure 
vaa  aeosured  vera  probably  not  enceeelve  alnce  isveetlgatlon  of  the 
reaulte  ehowa  that  tne  total  aoeorpticma  ol  rev  paapiee  Old.  not  ohange 
appreciably  after  harlnf  reaaiaed  in  the  cell  overaiaht. 

CoD^ariaon  of  the  preaent  reajlta  with  Uiuaa  or  tiBH  enicii  ouverea 
ilkC  ucae  rang*  of  valuea  of  w  and  fe  Indicated  that  tne  two  aete  of 
roaulta  agreed  within  axpeetiaA  experimental  error. 


SxperlMantal  Beeulte 

Absorption  curvea  were  obtained  for  the  }TO0,  and  1$9!>  ca*^ 

BjjO  lands  by  use  of  a  Parkin-BUer  Modal  99  spectroMter  enoloued  la  a 
vaeuia  tank  wr.lci!  la  descrlbad  in  Appendlk  I.  A  Lll'  prln  was  used  tor 
the  5iiS  and  yfOO  emr^  bands  and  aa  laCl  prlaa  for  tua  l$y$  ca-^  band. 

Uie  aathod  used  to  renlot  the  reaordad  spectra  on  a  llnaar  wavanuaber 
scale  and  to  ncasurc  the  is  the  ihse  at  that  doserlbed 

by  BU. 

Ihe  da ‘a  and  raaulta  ara  praaanted  is  a  aennar  ala  Liar-  to  that  dea- 
eribad  la  the  previous  seetlos  fur  tea  MgO  bnnda.  aona  of  the  surras 
which  are  prveeatad  are  based  ea  both  the  praeeat  reeulta  aai  tha  HW 
rerilta.  Vhluee  of  equiveleat  preaaure  wore  calculated  fer  ea'ih 
eei^le  by  ttie  fuUowlnk  equatloat 

%  •  r  t  tp,  (16) 

vbere  p  it  t&«  total  preeaure  due  to  tgO  at  partial  luraeure  p  and  to 
the  Kg  Ih  the  asaple. 

IB  Pt«<  ir  are  anown  repreeeatative  abeorptlun  n«rrvt  of  the  »)k 
cs*l  ItgO  band;  the  ebeerption  data  for  thle  band  are  Hated  lu  tthlo  9< 
the  est^aatod  vnee^taisty  of  'he  tabulated  valuae  of  total  absoiptlou 
is  approsiaaUly  a  6  to  t  8  pereent  for  valtiaa  greater  thaa  JO  ea*!.  the 
ralative  unuarwainty  Is  ewasrtiat  •reatar  tar  •aaiier  valuaa  of  total  a^ 
aut'pUuB.  The  eootiracy  of  the  tabulated  reeulta  for  the  other  Sg(D  bands 
Hated  bulviw  l«  epiuroaianwlr  Ua  ssae. 

Ispi'«aei)tattv«  vortioaa  of  data  fur  Ua  yJJZ  sr”'  best  '.trs  plotted 
la  Ftg.  18  with  total  abibjrpUaa  vereue  Pp,  where  eecn  curve  eorrespeads 
to  a  given  value  Kt  w.  I',  t#  acted  that  Is  tb'tle  ?  »*",  irs 

groups  or  agproKiasthly  Ovusl  w;  la  urdar  tw  pact  the  reeulta  of  these 
data  ia  Pig .  lA,  an  average  value  of  v  ues  cbo.tea  ibr  eaah  grotq>  of 
odiMlas  dal  the  ehesrved  values  of  total  ahaerptioa  which  vc  Hebed  la 
the  table  wa<a  uwrrectad  to  the  average  w.  the  .:orreetleB  was  obtalsad 
froa  plots  uf  total  ebeurptioa  versus  v  %ere  a«ch  curve  was  lataimlneu 
by  fjut  Buiata  vatt*  to  tha  four  dlfreievt  lath  lengths  at  which 

each  j;aa  tivuure  was  a«rslied. 
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Tne  cm'ves  of  Fitj.  1>,  In  wriioh  oo’iil  abetr^tion  wbh  iuo‘.i.-rvi  a^iiinst 
W:  were  obtained  by  UGii^  both  ttie  present  reH'Jts  and  the  iQW  resuita. 
VaduCs  oi'  avauiptlOu  i^oacia  fl'Ow  tiia  Oui~«Co  wf  i.w  Cw^d 

from  similar  r.ur'/es  which  were  drewsi  for  trie  HBW  da^a  hut  are  not  prt- 
aented  in  tliia  report.  Tb-'«s  valuei  were  then  osod  to  provide  poluts 
for  the  nurvee  ot  FIs-  in  wnion  tne  poin»''.  were  omitted  In  order  to 
facilitate  reading  tnc  corves. 

Over  a  striUJl  range  of  vuiuea  of  w  'ne  hsW  da ‘a  overlaprwd  the  present 
data  and  provided  a  convenient  compaiison.  Cur.es  <jj:awr  'iuuugj.  cud.  uf 
the  two  ufts  01  datii  wllLcrt  coneiderati.on  for  th:  other  set  would  have 
agrci.  i  to  within  3  to  10  percent  for  most  of  tne  differeut  equivalent 
praaaurea  illustrated  la  Fig-  1?,  *.s  well  as  tor  the  corresponding 
flgu'ea  i.h>vu  below  for  ihe  other  bands.  Tbla  agre“E*'nt  is  good  when 
cho  censiderr  tha:  f.c  di:«  lata  being  compared  rei.re«anced  raiaplas  of 
rnail  w  for  d.ich  the  aco-rracy  was  cvc-r'.st.  Coaparl'OL  c-f  idie  p^^sent 
data  with  those  ontalned  in  the  early  wore  of  Howard  and  Chiipnaii'  wan 
ianci.  .cos  able;  Uie  i«su.lta  .-,f  t.ctai.  ah.vorptlon  for  similar'  s-amples 
often  differcKl  oy  as  muen  as  Hh-'o  percent. 

In  view  of  'the  Improved  awthods  whim  were  descr.'.bed  atwe,  the 
present  r-esulU  we-*  riven  extra  ’Sseight''  in  determining  ihe  poeiilons 
of  the  curves  o'  ri£  la,  which  are  believed  to  best  represent  all  of 
the  dataj  end  values  obtained  from  these  curves  ar*  believed  to  be  accur¬ 
ate  to  1  6  percent.  l.h'  oame  accuracy  is  ektinm'ed  for  Uie  correipond- 
ing  curves  of  other  HpO  bands  shonm  below. 

RcprcC'.utavive  absorption  corves  of  the  spectral  region  near  3700 
c«*^  are  Shown  in  Flu.  it!,  tbs  date  are  llete.'i  in  Thble  l'».  which  In¬ 
cludes  the  values  of  uie  total  abeorptlon  tor  the  three  apsct.'al  inter- 
‘vale;  SdOii-33^  ■r'**,  .I'-y.*  .  tr.d  *300  MOO  cm*-,  ^e  sua  of 

the  titai  ai't'.':i'U'  -■  lat'sr  intervals,  which  tegcuher  are 

referred  to  as  the  J,'00  •>'**  h«n,  ait.-i  ?!v*n  for  each  aaaple.  The 
values  of  the  total  absorpt-on  for  th*  ’•idOO-a'Jtf)  c*’!  tegl-o,  which 
uorrespoudit  (<..  iiiv  '>aiid  u.  tiia  KBW  report,  are  tabulated  Cor  refer¬ 
ence  by  future  worseri  but  are  l'  ••  arAijr-d  in  the  pieoent  report. 


.^.tvjrsi  di  nnn  i’i  coi-n  c  ive-  viet,li.g  the  total  abiorj'^ion  of 
"f *  ;7ij0  iw^-  oanu  co  and  w,  *er.pe.iUwtiy.  OV.eis  curvis  wore  obuin- 
■ the  i.-me  mauiier  aa  w«rr~'ji».  covr-spondiug  «*a  for  tin  5552  c»*l 
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iigvres  «;5  ani  ?•“  anow  icpreaeh'-  live  abw-rptlm  curvea  or  i;»e  15?5 
;;b'^  hgC  baud.  Tne  date  are  llattd  ic  Table  iu,  the  valiaa  of  tetaV  ab- 
scip' lor.  ‘iTf  •"'■luded  for  th"  )?srt.'3oi,  i;«*l,  and  ‘  '‘-2100  na”^  iatve- 
valy  a-4  for  th*  sum  if  tre—  tv.;.  L.ter'nO.t,  whir.*  Is  called  the  .13?5 
cm*e  band.  The  data  fir  rhia  twuid  were  treat'  tn  the  uoa.'  &iu.-;cr 
%,<  wurv  'he  data  frr  tne  S552  ca'*'^  uud  5|bt  om*^  bandi.  Figure  25  uuu- 
f\:  t  tuj'.'jc  r-'«-.ine  -.'.0  ;ofil  ctc.i! ;)ti')n  of  the  present  ■'sta  to  P* 
fn  -c..-;  'J.‘  viiu-.*  of  w,  u'ji  th-  ctun’Ot  Fig  iib,  which  r  .ate  total 
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The  seif-broAilealng  coefflcienL  hae  been  determined  fcr  ;";ve:'2i 
bandE  of  Koo,  CO,  Cn^,  COg,  ani  H«(i:  rm  k  .•'.leffif'ient,  vbirh  ic  defined 
I'i  the  text  “  r  sure  *^c  rciiitlvc  l;rc'v*“rlnr  nbiilty  of  ««■■■ 
absorbing  gas  vilii  respect  tc  Ng.  By  the  use  of  the  erjieriiaentally 
dctermluPd  self -broadening  coefrieleirts  1‘  '-a.-.  n..s5lbl.e  to  •■iariiv  t\-\ 
equivsler.t  nressu'e  which  served  to  sinqjlify  the  antilysis  of  the 
lata  by  accounting  for  the  broadening  by  the  absorbing;  gas  and  by  Pg 
wl'h  the  use  of  a  single  variable.  Values  of  B  used  ia  the  a.:alysls 
rf  all  the  bands  included  in  the  present  re6ean.L  picgribi'.  ore  sumaarited 
In  '.rable  1. 


The  relative  broadening  abilities  of  various  inactive  guaes  have 
been  investigated  and,  where  possibie,  the  res-.il'.s  ba^e  been  nompared 
with  those  of  previous  workers.  The  iesufts  4cr?  nbcvi  in  Tables  ?, 

5,  and  •*, 


Absorption  curves  ware  obtained  .from  which  the  total  absorption 
.has  been  detensined  for  the  NgO  bauds  av  ajoi,  £Aul,  126^,  1167>  692» 
and  cm*^-  The  data  tre  licted  in  Tables  ?,  6,  ijad  7>  and  curves 
have  beer  drawn  to  show  the  furetional  relationship  Between  total  ab¬ 
sorption  and  the  two  pareaeters,  absorber  concentration  w  and  equivstlent 
pressure  P^.  Values  of  the  band  Intensities  of  part  of  these  bauds 
ba'.'e  been  deterolned  and  coo^sred  In  Table  6  with  the  results  reportei 
by  other  investigators. 

Tot  si  absorption  issasureaeMte  have  also  been  osde  f<vr  tne  HoO  bants 
at  jjja,  3700,  and  1595  cm-i.  The  rsjults,  wMrh  are  p;.i3cr.ted  in 
tsbuiar  fona  and  in  grapoical  fom  wltn  f  t.-.!  tbaurptiou  plotial 
against  ^  and  against  P,,,  suppreuent  earlier  work  by  ilovnrd)  Burch,  rnd 
Wllliaas'',  and  serve  as  a  check  agarnst  the  results  of  these  sururs 
for  values  of  w  and  P*  included  Ir  both.  There  is  gO"d  agreeiant  be¬ 
tween  the  earlier  results  and  the  peescpt  results,  which  were 
obtained  bv  isiiroved  otthoda. 
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ArrENDu  I 
A  vacuum  tank  l*T.R  A 

r«i:n(  «:hni  >*<A'iOh 

Tee  n**fd  ic:  evacunt.  t  ie  opticii  paU  of  &  ppeecroavi-ter  used 
for  invet-ti^jiting  etroiiej  ateocpheric  absorptiiw  bands  tms  diB-'useed 
in  Report  C-  Bncios  In^  tile  rerk^ii'Sliikit  Hjilcl  2x  jL>u'ole>beaa  ipe.  tro- 
Aetei*  ill  A  vwruuin  ti>tik  be.uie*!  t.'  be  Inpritciticaj.;  therefon;  a  vacuus 
tank  was  designed  ard  'jntitructed  to  contain  a  Perkln-Ilmr  Model.  ?>9 
eln.^'. <*-oeafli  ipono^nrooator  vblch  was  avMI-ble  in  t.hd  nboiatory.  '.";ile 
funk,  wblcli  Is  Illustrated  In  R.g.  2?,  is  aiimunBed  beinv. 

Th;  t.™  Id  ..d  1.,  iix  aiiu  uinApeiiSise  constnictton 

and  by  Its  versatility.  'iTit-  aaln  j-.nrt.  of  the  tank  eonslats  of  a  niace 
of  2?-!ncii  i-'.u.  steel  pipe  wltfc  5/b-lndh  tbJik  walle,  and  the  eni  plataa 
are  circular  n'eces  o*  .i/i-inch  thlc*  nleel  plate.  Ttc  isonochmoator 
•uiu  otuor  coEponenib  ai.;’  yn  an  '5-i...d-wldc  uteii  ..lat.-  vtl.-h  Is 
apct-welded  Inside  tbe  tank.  A  portlcr  cf  the  top  of  tne  tank  uaa 
cut  away  And  tlie  hole  cowered  bw  a  lid  of  ’A-lrch  thick  plexlglaaa, 
wblch  oakaa  It  poialble  to  >ee  all  the  enclosed  parts.  Ab  endlasa 
olecb  of  pure  pum  nibhri  .”rd  Berr»3  as  a  easket  between  the  plsxliiUss 
and  the  steel  tank.  Rubber  channel  gaskets  provide  seala  between  the 

tyllbdrl-.al  tAiUk  diiu  flat  euU  plaLwe. 

KLectrloal  eonnectlciia  arc  provldec  through  hcijiitloally  eealed 
pv^rcelalb  flttlags  In  oruer  to  avoid  exeeetive  noise  wnleh  ali^t 
arise  froe  a  fitting  in  the  circuit  cetween  the  prewspllf ler  and  the 
asjiHler,  the  cauli:  crnnccticg  ihrsc  tw:  :.;'i(iioi'ieolB  vac  put  througb  a 
bole  in  the  end>pUte  which  could  easily  bw  sealed  with  a  putty-like 
eeallag  coapoand.  TMe  cablit  ves  covered  vlUi  an  air-ti^hb  pXaetlc 
costing;  but  yt  vss  .v.-dodsary  bo  open  bue  plastl;  coating  aid  pub  soft 
eax  around  the  wires  In  the  *.n  present  leakage  Uicoug'i  the  cable 

froB  one  end  ti-  bue  other.  It  ebrulil  be  noted  that  toall  letJte  can  be 
tolerated  since  the  vacuus  piuqi  lt>  left  m  duci’i*  opeietlon  of  the 

npe'.'ii'ootcr. 

MechAn<cal  odiuebaonts  can  be  wade  through  unc  of  tiirrc  'rotati  ig 
tvelu"  aide  of  u  pie-e  c:  f-uss  aviftt  wi.....  w»,  joldeiad  utcr  a  hole 
In  the  tank  and  drD'el  tb-o,  to  accept  s  piece  of  .Vtt-lnch  drill 
rod  S  circular  groove  was  aachlned  -ut  of  the  liinec  surface  of  the 
I'lass  piece  to  bold  a  saali  "0~  ring  tu  fora  a  seal  around  the  IrlU 
rod.  ribiae  stale  were  fiiund  to  be  virtually  lea*  prool,  ar.1  Mike  It 
possible  for  ed.tuctBenta  tb  bo  jaUi;  by  a  ivtattna  aoblun  or  by  a  linear 
Bubicn  by  sUllng  the  rod  through  ih'-  B'tl.  '.’he  aechinteal  cc>vieetlona 
v»p*  ■■••d  t.c  MiKe  g-iwx  Ad  !c-»-cc*  j  uf  tht  aiiTori,  fc  npfra''  a  shutter 
in  1  cen-  .n>  me  anteance  «i\t,  to  operate  a  valv.  on  a  mmII  ueatTtloa 
■••I:.  -.t.iusr  Tr.e  iiltu,  aiiil  tc  Iri'.e  bhe  Uttrov  lirror  Th«  gwar 

but  rina  r-  ..i'-  ..yutes  for  tbo  Llttrov  di'to*  weiw  itaoved  free  the 


»  C.  i;r  '-if  Uftru  coiitj*.  :ii  u;  n  Pei  ;irt-ii;jier 


-  .  ,t.y  „_jj  .-s'-rt.-.  ,  titr  '.s.'... 

't-r  lU !  •<  iim/ *  5*-<i  !«•  *!;  •  s»  !«■ -'hr  t  IT' 

.  •••  !‘j  *».«  r- >».  !■•»  ««r1  t e:,r 

<T  v»i!  *1  .••■anlJer  L-i  r<‘jj  "  '  !,■  s,  i— j  - 

..I-.  >.,.111.  ;■  l;  !.  l?ir  tiKl*  I?;*?  ;  •->  '  • -sMi-  v/!‘r.  al'"} 

froa  '.Ilf  r.sjitl  L’ J  •  j-  •'  e,»’.fr  ^r.l  »r.«  r»!a_,rr  ;n  n 

VI.  •  JlliJ 


A  Uivli  «■  ilibiJc  titi,-  Utnit  O'ki-.  M-  P!  9eit..t.  tr.  etC.r  •■ti 

odj-sltacrtu  wlUi  x.nl,  i.  -.i'..  A  •  ytr  --f.  !:,e 

n"  t  't»n  t>«*  t.'  MBh  “  v  'I'  A' 

».r«  ■  to  the  various  »£u. 

7.,c  abovp  lh»“  jv«li.  jj  -  iJ.  i.  .vT  riij.  !■  a 

convenient  o.'rar.^caeiit  f.-r  Uic  -.ce  ■•!'  i-  eh  <rti. r  £ti.urpiti<  n  ceJi  'iii 
tulned  Inxt.le  ihe  ve— i-j?.  •-•i- «  'Ia*i  eni  tn  udnitteu  t<«  the  . 
a  ttlere  of  cop.^er  tubtnx  vnich  l  Ale.nia  **’'•  *”■-1.  iif  tr."  tank. 

j  - . -  .  .  •  •-»  *>• 

Co!;vr:;: -  ;h  -  ntc  oi  tat  oo-je  iciie.u.  •iUi.tlpic-lrBiVvr’MLl 

cell  u.".*!  In  oi‘t.alnln«  data  deerrlhei*  nrei  •.*.iaiy  Tlse  en-j-jrlate  of 
the  vn-,'!,u£i  Uuiik  Ub4  a^lne»  the  end'Pxau  cr  the  chsorptiun  •e?J.;  a 
1/2  l.'  h  eiidleaa  s-a  .•ubbe;  .zaAke:.  'c  o.id  Ir.  plauc  hvtvren  U.e  vVo 
•nd-pir-tee.  The  eM-pl*«*~  _  w.c  vacuus  Win*  i»  cut  nvaj  cpprsite  ta* 
Tladoita  of  the  ah.'crritlch  cell. 

A  aagnifleU  Ijange  of  tkc  tlcrr.tt  glover  tv  roiss.i  Inaide  the 
multiple  trawi'i.al  uvU  the  laa^e  else  >»  aalntained  durlnn  the  re* 
rlcctiore  in  tric  cell  aid  ine«;  ci-dufed  r-v  &:l  at  ire  entrance  cl  It  ct* 
the  Ba.tcchrosr.li.e,  Tlie  'tpiil.  ncan  thc:i  rtll.s  the  upMca  .>f  the  atino* 
cnruuitor. 


f!<,  BerJoua  dirf  j*.ji  t  ;cr  were  •»';e”Ui)terei  ai  a  rejiult  os’  .•'peratlrt 
the  ponnchr.imator  In  vncuua.  T><*  .(■■.pper  se-hMilrr  apparfttl>  rerJa 
I..'...-:. II,  mito  frevently  v.'-.fn  »-.pcrii»eJ  l.n  va -.nis,  althcurJi  this 
wa»  not  nart.icularly  trouhlceona?.  Hnierlol  trad) to  anh*'**  ircn  the 
Klcm'r  ana  I'oni  tnvn  ruis  on  neaity  otjci-ta,  i:.  was  tnererc  •«  nereii»,»,";' 


ticiic  parts  trom  ti:*-  niov^r.  The  two  rstuer  nnc-r  >:irncuj.ttea  deacrlhea 
ai  t"-:  c'  vlj  prolabl"  tt  av.,lAt.A  e>B- oni.Wifj  i.ue  •««*  witii  thr  »n- 
ir n'aer.’o  ofc,  nivl  then  filling  It  with  Jlp  before  operating  ih;  iini>ti’E£ieat. 
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